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Basic disease manifestations are counteracted and controlled by adrenal 
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corticoids, released and produced in their entirety under stimulation by 
ACTHAR, the physiologic stimulus of the adrenal cortex. Five funda- 
mental functions of adrenal cortical stimulation appear discernible: 


1. Inhibition of the acute inflammatory process in the body tissues. 
2. Inhibition of fever—from almost any source. 
Y°: Inhibition of pain—from almost any etiology. 
4. Inhibition of adverse cellular response to a host of toxic agents, 
whether of allergenic or bacterial origin. 


5. Inhibition of excessive proliferation of fibroblasts. 


ACTHAR, through its physiologic mode of action, mobilizes and potenti- 
ates vital endogenous defense powers of the organism. 


ESTABLISHED INDICATIONS: Collagen diseases or connective tissue dis- 
eases, such as rheumatoid arthritis, rheumatic fever, acute lupus erythe- 
matosus; hypersensitivities, such as severe asthma, drug sensitivities, 
contact dermatitis; most acute inflammatory diseases of the eye; acute 
inflammatory conditions of the skin, such as acute pemphigus and exfoli- 
ative dermatitis; inflammatory conditions of the intestinal mucosa, such 
as ulcerative colitis; and metabolic diseases, such as acute gouty arthritis 


and secondary adrenal cortical hypofunction. 
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EFFECT OF DIABETES AND INSULIN ON THE MAXIMUM CA- 
PACITY OF THE RENAL TUBULES TO REABSORB GLUCOSE ' 


3y SAUL J. FARBER, EUGENE Y. BERGER, ann DAVID P. EARLE 
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Glycosuria occurs whenever the amount of glu- 
cose filtered by the glomeruli exceeds the reab- 
sorptive capacity of the tubules. The glycosuria of 
diabetes, therefore, is dependent not only on the 
degree of hyperglycemia but also on the concur- 
rent glucose reabsorptive capacity. 

A number of observers have noted that diabetic 
patients sometimes may have little or no glyco- 
Mirsky 
and Nelson (2) have attributed this phenomenon 


suria in spite of hyperglycemia (1, 2). 


to decreased glomerular filtration rate, especially 
among elderly patients, or to an increase in the 
glucose reabsorptive capacity of the tubules. 
Glucose reabsorption depends on an active trans- 
port system which is undoubtedly enzymatic in na- 


1 This work was supported by a grant from the U. S. 
Public Health Service 


30, 1950) 


ture (3) and, therefore, is limited by a maximum 
rate, designated Tmg. This transport system ap- 
pears to be subject to a variety of functional con- 
trols including hormones. Indeed, slight reduc- 
tion in Tmg after the administration of insulin 
has been observed in the dog (4), while thyroid 
extract has been noted to increase Tm, (5). 

The present study represents an evaluation in 
man of the effects of diabetes and of insulin on the 
maximum ability of the tubules to reabsorb glu- 
cose. 

SUBJECTS AND METHODS 

Glomerular filtration rate (GFR) and Tme were stud- 
ied in 12 diabetic patients. Nine non-diabetic subjects 
Pertinent clinical data are summarized 
not known 


served as controls. 
in Table I. The duration 
with certainty in each instance, but was mild to moderate 


of diabetes was 


TABLE I 
Clinical data 


Known 
duration 
diabetes 


Surtace 
Patient 2 
area 


units per day 
10 PZI 
none 


35 PZi 


years) 


nn 
~— 


w 
ie) 


none* 
80 Reg. 
5 Reg. 
none 


Cee a ea | 


OO aw In Ww 


to be 
Sow 


Non-diabetic 
Non-diabetic 
Non-diabetic 
Non-diabetic 
Non-diabetic 
Non-diabetic 
Non-diabetic 
Non-diabetic 
Non-diabetic 


Insulin requirements 


40 PZI, 15 Reg. 


Fasting 
plasma 
glucose 


Blood 
pressure 


Urine Fundi 


mem. 
per cent) 


120 
123 
204 


mm, Hg) 
110/74 
112/68 
120/90 


protem 
normal 
normal 
5 mm. per) normal 
cent 
287 70 0 slight sclerosis 
vessel 
normal 
normal 
normal 
sclerosis vessels 
sclerosis vessels 
few patches 
exudate 
slight A-V nicking 


normal 


80 0 
80 0 
80 0 
90 0 
90 0 
80 1 


wun OO 


fin fee fea ed ae Cp 
o 


se UD 


w 


88 5 mm.% 
80 0 


normal 
normal 
normal 
normal 
normal 
normal 
normal 
normal 
normal 


* Resistant to subcutaneous insulin, treated by diet alone. 
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in severity as evidenced by the daily insulin requirements 
None of the dia 
hypertensive 


nd the fasting plasma glucose levels 


hetic patients had established disease 
Minimal proteinuria was observed in two patients, while 
protemuria and a few patches 


me patient had_ slight 


of exudate in the fundi. Mild to moderate sclerosis of 
the retinal vessels was observed in four patients 

All experiments were performed in the post-absorptive 
state. Insulin therapy was witheld for 24 hours prior to 
a study. In each study Tme was measured for three or 
In 15 of the 21 studies, inulin 
15 to 20 minute pe 


more consecutive periods 
clearance was measured for three 
riods prior to the start of the glucose infusions. Priming 
cent glucose in water were given intra 


venously in amounts calculated to raise the plasma giu 


doses of 50 per 
cose to between 500 and 800 mgm. per cent. The plasma 
glucose level was maintained by a constant intravenous in 
The 


patients contained 15 to 25 per 


fusion delivered by a calibrated pump sustaining 
infusion for the diabetic 
delivered at 3 ml. per minute 


cent glucose and was 


Twenty minutes were allowed for equilibration between 
the start of sustaining infusion and the beginning of the 
ten minute urine collections 

Squibb 
were given intra 
units per 
Again, 20 


In the insulin experiments, regular Lilly or 


Twenty units 


while 2 


preparations were used. 


venously as a priming dose minute 


were delivered in the sustaining infusion 


minutes were allowed for equilibration before the start 
of the ten minute collection periods 
Inulin clearance was used as a measure of glomerular 


} 


filtration rate. The plasma inulin level was maintained 


between 30 and 40 mgm All urines were col 
he~hbtadder was 
end of each period except when the 
Arterial bloods 


were obtained at the mid point of each period 


per cent 


lected through a multi-eyed catheter 


vashed out at the 
urine flow exceeded 10 ml. per minute 


din was determined by the Harrison modification 


Alving, Rubin and Miller method (7). Prior 


ulin measurement, glucose was removed fron 


sample of plasma and diluted urine by ex 


posure 30 minutes to 6 ml. of a 30 per cent yeast sus 


Glue OSE 


pension was determined by a modification (4) 


of the Folin method. Glycolysis was inhibited by the 


addition of a small amount of fluoride to each blood sam 


ple, which was centrifuged immediately. The plasma 


was drawn off within 15 minutes of collection 


Plasma Glue OSC Levels and the Ratios of Glucose 
Load to Ting 


The ranges of arterial plasma glucose levels achieved 


during the measurement of Tme alone and of Tme dur 


ing the administration of insulin are recorded in Tabk 


Il. Generally the plasma glucose level was between 500 


and 800 mgm. per cent and rarely varied more than 50 


mgm. per cent during the measurement of Tm, alone 


Following the administration of insulin the plasma glu 


cose level with one cxception declined in spite of the 


continued glucose infusion. The fall in plasma glucose 


during the measurement of Tm, while insulin was being 
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TABLE II 


Plasma glucose levels and ratios of glucose load to Tmo 
All plasma glucose levels done on arterial blood. Initial 
and final plasma glucose levels are recorded for the three 
periods that made up each observation, except those 
marked* which consisted of five periods and those markedt 
which consisted of four ten minute periods. 


Plasma glucose, mgm. per cent | Ratio glucose load to Tm 
Patient 
I'mg alone ; +Insulin 


I'ma alone P'mg +Insulin 


48 
33 
69 
93 
.24 
92 
91 
58 
76 


645-735 

450-420 

554-616 616-546 
567-606 548-533 
470-480 460-440 
690-721 683-613 
605-640 640-550 
438-425 425-348 
624-636* 610-550* 
624-654* 666-545* 
765-840* 840-780* 
885-900 930-870 


tee SI PS IT we 
Wo NNW NS UU de ee 


as 
ND DO pee cme pee pens ee ee pes 


IND CD ome ome ees ee Ay ee es tet et fl 


mw 


—- 
ope 


\verage 


910-990 
590-600 620-510 
1022-1035*  1404-1368* 
585-600T 585-585t 
504-500 
812-798t 
580-630 
410-460 
660-717 


—— who ty 
~se 


Ome ty 


= 


770-693 


| 
H+ IV OO 


x 


\verage 


administered averaged 57 mgm. per cent with a range of 


0 to 121 mgm A glucose load to Tm,, ratio of 
1.5 or higher 
quate to completely saturate the normal tubular reab 
Ratios exceeding this value 


per cent 
is generally accepted (4) as being ade 
sorptive capacity for glucose 
were achieved in all but two of the diabetic patients and 
in all but one of the non-diabetic subjects. The lowest 


ratio of 1.25 occurred in a patient with an unusually 


high Tm,,. Any error introduced by a too low load of 
glucose would result in a falsely low Tm,,. Because ot 
the reduction in Tm,, resulting from insulin administra 
tion, the glucose load to Tm,, ratio was maintained after 
insulin, even though the load decreased because of the 


falling plasma glucose level 


RESULTS 


filtration rate 


The 


(GER), Tm, and the ratio of GFR to Tmg ob- 


values ‘for glomerular 
served in 12 diabetic and in nine normal subjects 
are recorded in Table II] along with normal values 
established by Smith (8). GFR and Tny, values 


are corrected to a surface area of 1.73 sq. m. 


The group of normal subjects is not large, but 


their filtration rates and Tm,s are in the normal 





GLUCOSE 


range established by Smith and his associates (8), 
with the exception of one Tmg (patient 20, Table 
111) which exceeded the mean normal plus 
standard deviations (375 + 2 x 79.7 = 343 mgm. 
per minute for males, 303 + 2 x 55.3 = 414 mgm. 
per minute for females ). 

The diabetic group is also small and, although 
the mean Tny, for both males and females are 
greater than the corresponding normal values, the 


How- 


ever, Tm, exceeded the mean normal plus 2 stand- 


differences are not statistically significant. 


ard deviations in five of the 12 diabetic patients. 
Application of the binomial theorem indicates that 
the possibility of this occurring by chance alone 
is remote. Although patients with hypertension or 
those who had frank renal disease were excluded 
from the study, two of the female patients with low 
filtration rates (patients 8 and 12) were the only 
diabetics to have Tmgs less than the mean normal 
value.* 

* Three diabetic patients with frank renal disease were 
also studied but excluded from this report. These patients 
had glomerular filtration rates of 39, 45, and 70 ml. per 


TABLE Ill 
Glomerular filtration rate, Tm and ratio of filtration rate to 
Tme in non-diabetic and diabetic subjects 
Glomerular filtration rate (GFR) and Tmg values are 
corrected to a surface area of 1.73 sq. m. 


Glomerular 
filtration rma 
rate 


Patient GFR) Tima 


ml. per mgm. per 

min min.) 
+21.5 | 375, +79.7 | 0.371, +0.0563 

521 0,25 

306 0.44 

372 0.34 

470 0.32 

354 0.35 

402 0.36 


Smith (8) 141 
1 


Normal Male 


NENW 


Pre N ww 


1 
1 
1 


verage 5 404 0.34 


ith (8 117, + P + 0.395, +0.0617 
19 7 14 0.28 
20 143 4 0.34 
21 2 0.34 


Normal Female 


Diabetic Male 


Diabetic Female 7 
8 
9 
10 
11 


12 


Average 


REABSORPTIVE CAPACITY OF 
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TABLE IV 


Effect of insulin on Tmg and the ratio of glomerular filtration 


rate (GFR) to Tmeg 


GFR/Tmg 


I'ma, mgm. per min 


Group Patient 


‘ontrol| Insulin A ontrol| Insulin A 
352 0.29 0.37 
496 f 0.28 0.32 
361 0.29 
314 0.36 +0.06 
539 ; 2 0.28 +0.02 
427 2 0.2 0.02 
394 2 0.32 +0.05 
197 0.41 +0.07 
401 ; 2% 0.30 +0.02 
420 2 27 +0.01 
445 5 2% 31 +-0.03 


2 0.27 


+0.08 
+0.04 
+0.03 


Diabetic 


i oe a 


379 h 0.31 +0.04 


Non- Diabetic 0.57 +0.13 
7 24 0.32 0.02 

0.35 +0.03 

0.36 0.00 


Normally glomerular and tubular functions are 
closely correlated and the ratio of glomerular fil- 
tration rate to Tmg is perhaps the most desirable 
ineans for comparison of Tmg among different 
groups of subjects. The average GFR/Tmg ra- 
tios of the normal male and female subjects shown 
in Table ITI do not differ significantly from Smith’s 
normal series. The ratios for the diabetic patients, 
however, are low. When the diabetics are com- 
pared to Smith’s normal group, the t values for 
the critical ratios are 5 for the males and 4 for 
females. These values are indicative of a highly 
significant increase of Tm, in relation to the glo 
merular filtration rate among the diabetics as com- 
pared to normals. 

The difference between the male diabetic group 
and the normal group recorded in Table IV is 
barely significant, and the difference between the 
female diabetics and the three normal females is 
not significant. However, the normal groups in 
Table IV are so small that the comparison with 
Smith’s larger series of normal subjects appears 
to be the more valid. The measurements of this 
study were made by 
those of Smith (8). 

The filtration rates used to establish the GFR 


techniques identical with 


Tm, ratios discussed above were those observed 
during the Tm, measurements. In five normal 


subjects and in 10 diabetics, glomerular filtration 


minute, Tmes of 109, 131, and 183 mgm. per minute, and 
GFR/Tme ratios of 0.36, 0.34, and 0.38 respectively 
The first two patients had chronic glomerulonephritis, the 
last one hypertensive renal disease 
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rate was measured before the start of the glucose 
infusions the Tm, 


The filtration rate increased 1 ml. per minute on 


necessary for observations. 
the average in the non-diabetic group, and de- 
creased 7 ml. per minute in the diabetic group. 

The administration of insulin reduced the Tm¢, 


acutely in all 12 diabetic subjects studied (Table 
IV). 


per minute with an average of 45 mgm. per minute. 


The decrease ranged from 18 to 20 mgm. 
This represented an 11 per cent decrease. The 
ratio of GFR Tm, increased in 10 of the 12 sub- 
jects. This was mainly the result of changes in 
Im, although slight increases in filtration rate 
The 


minute on the 


contributed to the effect in several patients. 
latter decreased only 1 ml. per 
average during the insulin periods as compared to 
those obtained during the measurement of Ting 
A progressive fall in filtration 


without insulin. 


rate with no obvious explanation was noted 
throughout the study in one of the exceptions (pa- 
LZ). 


non-diabetic subjects (Table IV). 


tient Insulin was also administered to four 
A decrease in 
Tm, occurred in two of these subjects. 

Tm, was measured in one diabetic patient dur- 
ing seven consecutive periods without the admini- 
stration of insulin. The total length of this study 
was equal to the longest study in which-insulin was 
administered. Throughout this control study the 
GER Tny,, ratio was constant and the difference 
between the lowest and the greatest Tm, values 


was 26 mgm. per minute. 


DISCUSSION 


Five of 12 patients with mild to moderately se- 
vere diabetes, uncomplicated by known renal dis 
ease, were found to have Tn, values greater than 
the accepted normal range.” Tmg was above the 
mean normal in 10 of the patients. The two ex- 
ceptions had decreased glomerular filtration rates 
although hypertension, proteinuria or other evi- 
dences of renal disease were absent. The reduc- 
tion in renal functions in these patients may have 
been due to arteriosclerosis of the kidneys, or per- 
haps represented the early stages of intercapillary 


gl mmerul sclerosis. 


Richardson (9), working independently, has found 


the Tme to be greater than the normal range in six of 14 
diabetic patients 


EUGENE Y. BERGER, 


AND DAVID P. EARLE 


The ratio of filtration rate to Tm, was signifi- 
This 


appeared to be the result of increased Tm, values 


cantly reduced among the diabetic patients. 


rather than of decreased glomerular filtration rates, 
for in the majority of patients the filtration rates 
were in the normal range. In addition, the low 
filtration rate to Tmg ratios were not due to pos- 
sible alterations in glomerular activity induced by 
the glucose infusions. 

The administration of insulin decreased the Tn, 
in each of 12 diabetics tested and increased the 
GFR/Tmg ratio toward normal in 10 of the 12. 
Insulin decreased the Tn, in two of four non-dia- 
betic subjects. Although slight decreases in plasma 
glucose levels usually occurred after insulin ad- 
ministration, this was kept at a minimum by the 
sustaining infusion of glucose. In any case, ade- 
quate glucose load to Tm ratios were maintained 
throughout the studies. 

The decreased Tm, after insulin was not due to 
increased utilization of glucose by the renal tu- 
bules for this would be reflected by an apparent 
increase in Tm,. Whether the effect of insulin on 
the Tm, was due to insulin itself or to a contami- 
nant such as the “hyperglycemic factor” (10) is 
not certain. However, in the present experiments 
and in the doses used, insulin given intravenously 
did not raise the blood glucose values. 

An increase of Tm, in diabetes might be at- 
tributed to insulin deficiency itself or might be 
secondary to other hormonal imbalances that may 
play a role in diabetes. The reduction of Tmg ef- 
fected by insulin is not readily explicable on the 
basis of the usual concepts of insulin action. Off- 
hand, a greater ability of the renal tubule cells to 
transport glucose would be expected. But in any 
case, the decreased Tm, after insulin may explain 
clinical observations in diabetics that are reported 
from time to time such as: “after prolonged in- 
sulin therapy the urine may contain sugar even 
though the blood sugar is much lower than before 
treatment and the urine may have been negative 
before imsulin therapy was instituted” (1). 

Since insulin decreases Tm, in diabetics, it 1s 
possible that the differences between the GFR 
Tmg ratios of diabetics and non-diabetics may be 
the result of increased secretion of endogenous 
insulin in the non-diabetic occasioned by the rather 


large loads of glucose. This endogenous insulin 
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would lower the Tmg perhaps maximally and ad- 
ditional exogenous insulin would thus have little 
or no effect. In line with this hypothesis was the 
failure of insulin to reduce Tmg in two of the four 
normal subjects tested. In the diabetics the glu- 
cose load does not call forth as much insulin, and 
exogenous insulin would be free to exert its ability 
to reduce Tmg. In view of the equilibration pe- 
riod allowed to achieve relatively stable plasma 
glucose levels, this point could not be critically ex- 
amined. However, a downward trend in Tm, 
was not apparent in successive periods among the 
non-diabetic subjects. 


CONCLUSIONS 


1. The maximum capacity of the renal tubules 
to reabsorb glucose is above the normal range in a 
significant proportion of patients with mild to 
moderately severe diabetes. 

2. When related to the glomerular filtration 
rate, the glucose reabsorptive capacity is increased 
in diabetics without renal disease. 

3. Insulin reduces the glucose reabsorptive ca- 
pacity of diabetics. 
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Cases of lymphatic leukaemia complicated by a 
haemolytic anaemia have been reported by Haden 
(1), Singer and Dameshek (2), Wiseman (3), 
Feldman and Yarvis (4) and by Stats, Rosenthal 
and Wasserman (5) among others. It has been 
the commonly held view that such cases are rare 
and that the cause of the anaemia usually found 
in association with lymphatic leukaemia lies in a 
disturbance of erythropoiesis the result of re- 
placement of erythropoietic tissue by leukaemic 
tissue. That haemorrhage is also an etiological 
factor in the anaemia in some cases is clear to 
everyone, but that excessive haemolysis may also 
be a factor is by most authors considered an im- 
probability. Because of the haemosiderosis which 
they found and the hyperplasia of erythropoietic 
tissue which was demonstrated in some of their 
cases, earlier workers (6-8) believed that exces- 
sive haemolysis probably played an important 
role. This view was disputed by Forkner (9) 
who cited the work of Whipple and Robscheit- 
Robbins (10) which showed that there was only 
a little more iron in leukaemic than in normal 
livers. Recently the problem has been reviewed 
by Collins and Rose (11) who admit that exces- 
sive haemolysis may be present but state that in 
the case of lymphatic leukaemia the anaemia is due 
in most cases to depression of erythropoiesis. 

It has been the purpose of the present investi- 
gation to determine by means of the differential 
transfusions of Ashby whether or not excessive 
haemolysis is an important factor in the produc- 
tion of the anaemia of lymphatic leukaemia even 
when the usual signs of excessive haemolysis are 
absent and whether in any cases there is evidence 
of the presence of a haemolytic process not seen 
in normal subjects. 


1 This work was supported by grants-in-aid from the 
Medical Division of the National Research Council. 

2 Associate Professor of Medicine 
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EXPERIMENTAL METHOD 


The cases studied were transfused with 500-1,500 cc. 
of stored whole blood. The blood had been stored for 
one to four days in the proportion of 400 cc. of blood 
to 150 cc. of an anticoagulant mixture containing 2.3 gm. 
dextrose U.S.P. and 1.7 gm. sodium citrate U.S.P. per 
100 cc. The inagglutinable erythrocytes were counted 
the day after transfusion, then every other day for 10 
days and subsequently at intervals of 10 to 14 days. 
The method of differential agglutination was that de- 
scribed by Dacie and Mollison (12). With this method 
it has been found that the standard error of the difference 
between duplicate observations is of the order of 6% of 
the inagglutinable count (13). In the present study four 
counts were made on each specimen, and in some cases 
two counts by two observers. The results have been 
expressed numerically in the manner described by 
Brown and associates (13) who worked on the hypothe- 
sis that in some cases of anaemia two processes of eryth- 
rocyte destruction could be distinguished and who 
named these the linear haemolytic mechanism and the 
exponential haemolytic mechanism. This method of 
description provides 1) an estimate of the average life 
of the transfused erythrocytes ({), 2) the fraction of the 
transfused erythrocytes which has been destroyed by 
the exponential haemolytic mechanism (Fe) and 3) a 
fictitious average life which would have obtained if the 
linear haemolytic mechanism had been acting alone (f,). 
These are derived from the equation. 

N R exp (—L,t) + 14 

_* (1 — L,t) Ril 

which has been found to be the simplest equation which 
reasonably fits the data in those cases where the plotted 
results show considerable curvature. When the decay 
curve is linear the equation becomes 


N = N.(1 — Let) 





It has been found by Callendar and colleagues (14) that 


4 Notation 
= Donor cell count in recipient at time t, million 
per c.mm. 
No = Donor cell count in recipient immediately 
after transfusion, million per c.mm. 
= Time measured from transfusion (days) 


2) 


e> = Constants. 


= Average life of transfused cells measured from 
t = 0 (days) 
t. = Average life corresponding to linear com- 
ponent (days) 
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in a normal recipient the decay curve is linear and that 
the average life of the transfused erythrocytes is about 
60 days. This corresponds well with the estimates of life 
span of the erythrocyte which have been made by those 
who fed a normal subject glycine containing N* (15) and 
by those who have used pigment excretion studies as the 
basis for estimation (16). 

The cases which are reported now were not selected 
except with respect to suitability of blood group and ac- 
cessibility during the period of observation. 


RESULTS 


Case I, J. H. (48-3506), a man 67 years of 
age had been a known diabetic for 10 years. For 
one year before admission he had complained of 
dyspnoea and substernal distress on exertion and 
latterly of nocturnal dyspnoea. Examination on 
admission showed moderate enlargement of the 
the cervical lymph nodes, enlargement of the 
liver, a heart which was borderline in size, rales 
over the lower half of both lung fields, and fluid in 
the right pleural cavity. Urinalysis—trace of 
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albumen, varying glycosuria. HGb. 5.8 gm.%. 
R.B.C. 1,740,000. Haematocrit 18%. W.B.C. 
650 with 58% lymphocytes, 16% prolympho- 
cytes, 4% lymphoblasts, 20% polymorphonu- 
clear neutrophiles and 2% band cells. Reticulo- 
cytes 2.4%. Platelets 31,680. Serum Bilirubin 
0.4mg.%. Fasting Blood Sugar 231 mg.%. Blood 
Urea 33 mg.%. Serum Chlorides 586 mg.%. 
Serum Proteins 6.3 gm.%. with 4.12 gm. albu- 
min and 2.18 gm. globulin. Plasma Prothrombin 
Content 62%. Faecal Urobilinogen 631 mg./day 
during a three-day collection by the method of 
Schwartz, Sborov and Watson (17). Bone mar- 
row smear showed 6% small lymphocytes, 25.5% 
large lymphocytes, 14.5% prolymphocytes, 42% 
lymphoblasts and an L/E ratio of 9/1. Chest 
x-ray showed a pneumonic infiltration of both 
lung roots and increased markings in the upper 
half of the left lung. C/T ratio of 16.5/30. 
Electrocardiogram—chronic myocardial pathology. 
He was treated with rest, digitalis, insulin, a low 


Case I 
ACUTE LEUKAEMIA 
¥ - 233 days 
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SURVIVAL OF TRANSFUSED ERYTHROCYTES IN CASE I 


The dots represent the actual observations and the solid line has been drawn through points 


calculated from the fitted quotation. 
subject. 


The broken line represents the decay curve in a normal 
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sodium neutral ash diet, and Fowler’s solution. 
The diabetes mellitus was brought under good 


control. He died at home eight weeks after his 


admission to hospital. 

The test transfusion was followed for 21 days. 
When the number of surviving erythrocytes was 
plotted against time the decay curve was found 
to be linear for that period (Figure 1). It showed 
an increased slope as compared with that found 
in normal subjects (14) and the calculated aver- 


age life of the transfused cells (t) was 23.3 days. 

Case II, W. H. (27913), a man aged 54 had 
been suffering from disseminated sclerosis for 
13 years. For six years he had been aware of 
swellings in his axillae and groins and for one 
year there had been a mass in his abdomen. He 
also complained of pallor, increasing dyspnoea on 
exertion and of oedema of the ankles. Examina- 
tion showed a pale wasted man with generalized 
lymphadenopathy, a palpable liver and a greatly 
enlarged spleen. There was the characteristic 
evidence of moderately advanced disseminated 


PERCENTAGE SURVIVING ERYTHROCYTES 








30 40 50 


G. MALCOLM BROWN, S. MARGARET ELLIOTT, AND W. A. YOUNG 


sclerosis but for two years there had been no in- 
crease in the disability from this cause. Urinaly- 
sis was negative. HGb. 4.4 gm.%. R.B.C. 1,850,- 
000. Haematocrit 17%. W.B.C. 1,050,000 with 
94% lymphocytes. Reticulocytes 1.0%. Platelets 
60,000. Serum Bilirubin less than 0.2 mg.%. He 
lived for about 18 months following this admission 
to hospital. 

The test transfusion was followed for 38 days 
and the plotted results showed considerable curva- 
ture (Figure 2). The calculated average life of 
the transfused cells (t) was 18 days and the pro- 
portion destroyed by the exponential haemolytic 
mechanism (F,.) was 0.34. 

Case III, C. W. (49-4189), a man aged 68 had 
noted loss of strength and lumps in his neck for 
one year. There were enlarged lymph nodes to be 
palpated in the cervical, occipital, axillary, epitro- 
chlear, inguinal and popliteal regions. The liver 
edge was just palpable and the spleen was en- 
larged to below the level of the umbilicus. Urinaly- 
HGb. 9.1 gm.%. R.B.C. 3,200,000 


sis negative. 
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Case IIL 
CHRONIC LYMPHATIC LEUKAEMIA 
t - 402 days 
t,- 52.5 days 
Fe- 0.29 


PERCENTAGE SURVIVING ERYTHROCYTES 
8 
l 


\ 


WS 
~. 


L i ae camnaancil 


4. 
20 $0 100 0 


EM LEB LARGLRLE SEIN Ta ARS 








60 
OAYS 


Fic. 3. SurvivaAL oF TRANSFUSED ERYTHROCYTES IN CASE III 


Haematocrit 29%. W.B.C. 29,800 with 96% during a period four to eight days following his 
lymphocytes, 2% polymorphonuclear neutro- test transfusion. Radiotherapy was then discon- 
philes, 1% band cells, 1% myelocytes. Reticu- tinued because his white blood count had fallen 
locytes 1.1%. Platelets 169,000. Serum Bili- to 10,000. He received further radiotherapy six 
rubin 0.4 mg.%. Faecal urobilinogen 31.9 mg./ weeks later. He is still alive, a year after the 
day. Lymph node biopsy showed the character- test transfusion. 

istic picture of lymphatic leukaemia. He was The plotted results in this case showed an in- 
given deep x-ray therapy amounting to 300r over creased slope and also some curvature (Figure 
both supraclavicular and both axillary regions 3). The fraction of the transfused cells which 


TABLE I 


Blood counts following the subcutaneous injection of 1 cc. 1/1,000 adrenalin in Case IV 








Before 5 minutes 10 minutes 20 minutes 35 minutes 


HGb., 10.4 10.4 . 10.6 10.7 ; 
R.B.C. 3,320,000 3,230,000 3,420,000 3,480,000 3,250,000 





W.B.C. 187,000 355,000 299,000 298,000 342,000 


Lymphocytes, % 97 81 75 
Smudge cells, % 18 21 
Lymphoblasts, % 1 
Monocytes, % 
Polymorphs. % 3 3 


Platelets 329,400 1,585,000 174,000 435,500 
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had been destroyed by the exponential haemolytic 
mechanism (F,.) was estimated to be 0.29 and 
the average life of the transfused cells (t) was 
40.2 days. 

Case IV, F. E. B. (49-9730), a man aged 68 
gave a history of fatigue and weakness for three 
years and increasing dyspnoea on exertion for 
one year. For a month he had had a productive 
cough. He was pale and emaciated and showed a 
generalized lymphadenopathy and moderate en- 
largement of the spleen. There was marked ar- 
teriosclerosis of the Monckeberg type and his 
heart was grossly enlarged. There were numer- 
ous coarse rales to be heard over the lower lobes 
of both lungs. Urinalysis negative. HGb. 6.95 
gm.%. R.B.C. 2,340,000. Haematocrit 22%. 
W.B.C. 330,000 with 97% lymphocytes, 2% 
polymorphonuclear neutrophiles, 1% eosinophiles. 
Reticulocytes 1.4%. Platelets 730,080. Blood 
counts following the injection of 1 cc. 1/1000 
adrenalin are shown in Table I. Serum Bilirubin 
0.5 mg.%. Faecal Urobilinogen 56.8 mg./day. 
Serum N.P.N. 48 mg.%. Plasma Protein 6.49 
gm.% with 3.96 gm. albumin and 2.53 gm. glob- 
ulin. Sputum contained large numbers of lym- 
phocytes, some of them lying in sheets. Chest 
x-rays showed persistent diffuse linear streaking 
and some mottling in the lower halves of both 
lung fields. Two sternal punctures yielded no 
Treatment with urethane was begun 
nine days after his test transfusion and in the 
next three weeks there was considerable im- 
provement with a gain in weight, an increase in 
haemoglobin from the post-transfusion level of 
11 gm.% to 12.1 gm.% and a fall in white blood 
count to 182,000. The improvement continued 
with a daily dose of 4.5 gm. urethane so that after 
three months his white blood count had fallen 
to 23,000. His haemoglobin at that time was 
11.1 gm.%. His lung fields were clear on x-ray. 

The result of the transfusion in this case was 
entirely within normal limits. The decay curve 
was strictly linear and interrupted the base line 
at 114 days. 


marrow. 


DISCUSSION 


To say that evidence of an increased rate of 
destruction of transfused erythrocytes is evidence 
of an increased destruction of the patient’s own 
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cells is to assume that the two are treated by the 
body in the same way. That this is not always 
the case has been shown in congenital haemolytic 
icterus (18), nocturnal haemoglobinuria (12) 
and sickle-cell anaemia (19). In these conditions 
transfused cells from a normal donor may survive 
for a normal length of time, though it is obvious 
that the patient’s own cells are being destroyed 
abnormally rapidly. In these three conditions, 
the reverse also holds, and the patient’s cells when 
transfused into a normal recipient are destroyed 
more rapidly than the cells of a normal donor. 
Save in these conditions there is no evidence that 
cells from a normal donor are destroyed in the 
recipient faster than the recipient’s own cells pro- 
vided there are not present in the recipient anti- 
bodies against the donor cells (mis-matched trans- 
fusion) and also, possibly, provided the total 
erythrocyte count is not raised by transfusion 
above the recipient’s normal count. Such evi- 
dence would be admittedly difficult to obtain, and 
the point of identical treatment of the donor’s and 
the recipient’s cells, with the exceptions already 
mentioned, cannot be proven. It can be said, 
however, that in those cases in this and in pre- 
vious work (13, 20) where there was the con- 
ventional evidence of excessive haemolysis, viz. 
reticulocytosis, and increase in serum bilirubin 
and faecal urobilinogen, the average life of the 
transfused cells has always been markedly di- 
minished. It can also be pointed out that the in- 
ferences to be drawn from the present work in- 
volving the transfusion of cells from normal 
donors into abnormal recipients, followed on a 
comparison of the results of work involving the 
transfusion of cells from normal donors into nor- 
mal recipients (14). 

The suggestion has been made that in patients 
with enlarged spleens, some of the transfused 
erythrocytes may be “lost” in the spleen giving a 
falsely low survival time, but there seems no 
reason to suppose that the transfused erythro- 
cytes are more likely to be contained in the spleen 
than are the patient’s own cells. That both may 
disappear from the peripheral circulation into 
the spleen is obvious. If the transfused erythro- 
cytes were indiscriminately “lost” in the splenic 
pulp, an increase in the exponential component of 
the decay curve would follow and there would 
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be no increase in the activity of the linear haemo- 
lytic mechanism if indiscriminate “loss” in the 
spleen were the only abnormal process at work. 
Data which would obtain in this situation have 
not been found in this or earlier series (13, 20). 
Abnormally rapid removal of the transfused eryth- 
rocytes by the spleen from the main mass of cir- 
culating erythrocytes according to some char- 
acteristic of the erythrocytes themselves, such 
as age, would result in a linear decay curve with 
increased slope. Any significant return of these 
cells to the systemic circulation would cause up- 
ward deviations of the decay curve which have 
not yet been observed. In summary rebuttal of 
the suggestion that an enlarged spleen may vitiate 
the results in the present experiments, it may be 
said that there is no reason to suppose the trans- 
fused erythrocytes are removed from the circula- 
tion more rapidly by the spleen than are the pa- 
tients’ own cells and that if both are removed 
abnormally rapidly there is no evidence to date 
that they are returned to the circulation in signifi- 
cant numbers. 

In three of the four cases of lymphatic leukaemia 
which have been studied, the transfused erythro- 
cytes were destroyed at a rate faster than normal, 
which is interpreted as evidence of excessive 
haemolysis in these cases. What part, if any, the 
urethane therapy had in the results of Case IV, it 
is impossible to say. During the period of observa- 


TABLE II 


Survival of transfused erythrocytes in four cases of 
lymphatic leukaemia 








Fraction 
destroyed by 
exponential 
mechanism 


Average life 
corresponding 
to linear 
mechanism 


(tg days) (Fe) 


Average life 


(t days) 





y 2 0 
II 18 24 0.34 
Ill 40.2 $2.5 0.29 
IV 57 57 0 


I 23.3 














tion his haemoglobin was maintained at the im- 
mediate post-transfusion level and there was a 
marked improvement in his general condition, with 
diminution in size of his spleen and accessible 
lymph nodes. He was, in fact, in a remission. In 
Cases II and III the reticulocyte count and the se- 
rum bilirubin, and in Case III the faecal urobili- 
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nogen, were within normal limits, despite the defi- 
nite increase in rate of destruction of transfused 
erythrocytes. This suggestion that the present ex- 
perimental method is a more sensitive indicator 
of excessive haemolysis than those more commonly 
employed has been presented before (20). In 
Cases II and III there was also evidence of activity 
of the exponential haemolytic mechanism. The ex- 
ponential haemolytic mechanism has not been seen 
in normal recipients except when the post-trans- 
fusion erythrocyte count has been above normal 
and it has not been evident in this or previous se- 
ries except when there has also been increased ac- 
tivity of the linear haemolytic mechanism. In Case 
I, the acute case, where the observed portion of 
the decay curve was sensibly linear, it should be 
remembered that the period of observation was 
only 21 days and that further counts might have 
provided evidence of the exponential haemolytic 
mechanism. 

These results would seem to show that in at 
least some cases of lymphatic leukaemia the anae- 
mia is contributed to by increased haemolysis and 
that in some cases there is evidence not only of in- 
creased haemolysis but also of haemolysis of an 
abnormal type. It is not necessary in three of 
the present four cases to explain the anaemia en- 
tirely on the basis of diminished erythropoietic ac- 
tivity, and indeed in Case II where the rate of 
haemolysis was more than three times that of nor- 
mal, the haemolytic activity was of an order which 
might entirely explain the anaemia found. The 
fact that excessive haemolysis has been demon- 
strated in cases where the more usual indices of 
haemolysis have been lacking suggests that it may 
be an important factor more often than is now be- 
lieved. In what proportion of cases this holds, re- 
mains to be determined by further work. The 
physiological mechanism and the sites of the differ- 
ent types of haemolysis which have been observed 
also remain speculative. The question of a rela- 
tion between the two types of haemolytic activity 
which have been demonstrated here and the activity 
of immune bodies which have been demonstrated in 
some cases of haemolytic anaemia in leukaemia 
(21) will have to be answered by further work. 
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In 1948 it was reported by Heinemann, John- 
son and Man (1) that early in pregnancy the pre- 
cipitable (protein-bound) iodine in the serum 
(SPI) rose to concentrations in the upper range 
of normal or even to levels that outside of preg- 
nancy are characteristic of hyperthyroidism. It 
also appeared that if the SPI did not rise, the 
pregnancy was likely to end in abortion within the 
first four months. Some evidence was presented 
that such accidents might be prevented by the ad- 
ministration of active thyroid substance. The 
present paper deals with a further investigation 
of the phenomenon. 


MATERIAL 


Patients from the Clinics of the Department of Obstet- 
rics and Gynecology in the New Haven Hospital form 
part of the material studied. In addition, analyses of the 
serum of patients have been made for members of the 
Clinical Faculty who have permitted the data to be used 
and have generously contributed the clinical information 
required for the purposes of this investigation. Finally, 
a certain number of patients with disorders of func- 
tion of the thyroid were drawn from the Metabolism 
Clinic. 

In many cases only single observations are available. 
In some, determinations of SPI were made at intervals 
throughout pregnancy. In a limited number observa- 
tions were continued into the early postpartum period. 
For obvious reasons, figures preceding pregnancy were 
only occasionally obtained. In a certain proportion 
of cases serum lipids were also measured. 


METHODS 


Venous blood was drawn, with precautions against 
contamination by iodine, from patients in the postab- 
sorptive state or after a meal free from fat (fruit juice, 
black coffee, and toast, either dry or with jam). Serum 
was removed under anaerobic precautions. Lipids were 
measured by the method of Man and her associates 
(2-6). Until July, 1949, SPI was measured by the 


1 This investigation was supported (in part) by a re- 
search grant from the U. S. Public Health Service. 


method of Riggs and Man (7); after that date by a mi- 
cromodification (8). Analytical results by the two 
methods agree. 

RESULTS 


Normal pregnancy. In Figure 1 are presented 
the values for SPI obtained on one or more oc- 
casions irom 46 normal women during the course 
of pregnancies that proceeded to term without 
complications. None of these patients received 
thyroid or any medication known to affect thyroid 
function during their pregnancies or in the pe- 
riods immediately preceding or following preg- 
nancy. Four had goiters without evidence of 
abnormal activity of the thyroid. Of the 56 de- 
terminations from the end of 16 weeks until term, 
SPI was only twice lower than 5.6y per cent, 
and in all but three instances was 6.0 y per cent 
or higher. Values lower than 6.0 y per cent were 
only transitory incidents. The average concen- 
tration of SPI in nonpregnant normal persons is 
5.0 y per cent (8). In the last 24 weeks of nor- 
mal pregnancy, therefore, SPI was invariably 
above the average normal value for nonpregnant 


persons. It is not uncommon to find values up 


to 10y per cent which, outside of pregnancy, 


would denote severe hyperthyroidism. In preg- 
nancy, however, such concentrations are associ- 
ated with no symptoms, signs, nor metabolic dis- 
orders indicative of overactivity of the thyroid 
gland. 

In the same figure is illustrated the course of 
SPI in the progress of pregnancy in a series of 
patients in whom repeated observations were 
made. There is no definite tendency for SPI to 
rise or fall during the last 24 weeks. It is, how- 
ever, subject to fluctuations far greater than those 
that have been observed in nonpregnant individ- 
uals. Variations of 2y per cent over relatively 
short intervals are frequent and variations of as 
much as 4 y per cent have been encountered, with- 
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out any discernible disturbances. In normal 


individuals SPI is quite stable (8, 9). 
In many or most instances the’ SPI rises 


sharply at or near the onset of pregnancy. Con- 
centrations in the hyperthyroid range have been 
obtained as early as six weeks after the last men- 
strual period. In only one case was an observa- 
tion obtained preceding pregnancy. In this case 
SPI had risen from 4.7 to 6.5 y per cent by the 
time the first measurement in pregnancy was 
taken, eight weeks after the last mentrual period. 
In a certain proportion of subjects, however, the 
rise is distinctly delayed; and in most it continues 
after the initial sharp increase. The same large 
fluctuations observed during the later part of 
pregnancy are evident in these early stages. 
Sometimes, as a result of these fluctuations, SPI, 
after the initial rise, drops down again temporarily 
into the nonpregnant range. 

After delivery SPI diminished again, return- 
ing to normal nonpregnant values. The consist- 
ency of this fall, like that of the initial rise, indicates 
quite clearly that the elevation of SPI during 
pregnancy is a feature characteristic of pregnancy, 
not of the subjects of this particular study. The 
data are too scanty to permit precise definition 


Circles connected by lines repre- 


of the course of the decline. Occasionally it was 
quite precipitate. In most instances it did not 
become evident until the second week postpartum, 
or even later. At first it was rapid, thereafter 
continuing, sometimes for a period of several 
weeks, at a more gradual rate. The possibility 
that these variations may be related to lactation 
deserves inquiry. When the decline was delayed, 
signs of overactivity of the thyroid remained in 
abeyance. The tolerance to high SPI appears to 
persist for an appreciable interval after the termi- 
nation of pregnancy. 

In addition to the subjects of Figure 1, 14 ap- 
parently normal women are still undelivered at 
the present date. Table I shows the duration of 
pregnancy to date in each case, the SPI values 
and the duration of the pregnancy at the time the 
SPI was measured. In all cases SPI was greater 
than 6.0 y per cent before the end of 16 weeks, 
usually far earlier. In one instance, IB, after 12 
weeks it was 7.9y per cent. Though it fell 
sharply to 4.0 y per cent at the end of 15 weeks, 
it had returned to 6.2 y per cent in another week 
and thereafter has remained elevated. This il- 
lustrates the fluctuations which were mentioned 
above. When MJ was first seen, after eight 
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weeks of pregnancy, without any signs of hypo- 
thyroidism, her SPI was only 3.7 y per cent. 
After ten weeks it had risen only to 4.0 y per 
cent. Three weeks later, however, at the end of 
13 weeks it had risen to 6.1 y per cent. After 21 
weeks it had dipped slightly to 5.6y per cent. 
Its further course has not been determined, but 
the patient is within six weeks of term. The 
woman appears to be one of those with a delayed 
rise. In two instances SPI was measured before 
pregnancy. In one, RR, it was above 6.0 y per 
cent and had not risen higher eight weeks after 
the last menstrual period. In the other it had 
risen from a prepregnancy concentration of 5.7 
to 7.4y per cent after six weeks of pregnancy. 
These cases lend support to the thesis that SPI 
normally rises comparatively early in pregnancy 
to 6 y per cent or more and remains elevated until 
delivery. 


TABLE I 


Undelivered, apparently normal pregnant women 
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* The duration at the time the paper was written. 
t A minus sign denotes that the observation was made at 
the indicated interval before conception. 
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Complicated pregnancies 
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*a denotes that the observation was made at the in- 
dicated interval before pregnancy; p denotes that the 
observation was made at the indicated interval after 
delivery. 


Abnormal pregnancy. In addition to the pa- 
tients with normal pregnancies, 12 pregnant 
women with complications of one kind or another, 
not involving the thyroid gland, were studied. 
The observations on these cases are shown in 
Table II. Of the 12 patients, eight had toxemias 
of pregnancy or vascular disease, two had dia- 
betes, one with a Kimmelstiel-Wilson syndrome, 
one had diabetes insipidus and one multiple 
sclerosis. In spite of these complications, SPI fell 
in the range characteristic of pregnancy in all 
but one case, C15296. This patient was studied 
at the end of 34 weeks and again just before 
delivery. On both occasions SPI was 4.8y per 
cent. What it may have been earlier or later is 
unknown. In two instances, 63694 and C22464, 
pregnancy was terminated: in one for a Kimmel- 
stiel-Wilson syndrome, in the other for multiple 
sclerosis. In both SPI fell in the characteristic 
manner after pregnancy. In a patient with dia- 
betes, 5911, SPI was measured before, during, 
and after pregnancy. The value during pregnancy 
was 1.9 and 1.4 y per cent greater than the values 
before and after pregnancy, respectively. These 
complications, therefore, appear not to modify 
the effects of pregnancy upon SPI. 

There were two patients with ectopic preg- 
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nancies. One, three weeks after her last men- failure of SPI to rise during the first 16 weeks is 
strual period, had an SPI of 4.0y per cent. conducive to abortion. Such an inference, how- 
Further observations could not be obtained. The ever, must be drawn with reservations. In some 
second, after ten weeks of pregnancy, had an SPI instances the serum was drawn after bleeding or 
of 8.3 y per cent, which had fallen to 6.8 y per cent cramps had begun, occasionally on the day of the 
13 days after operation. abortion. Under such circumstances it is impos- 

Abortions. In Table III are epitomized the _ sible to tell whether the analysis was made before 
records of 26 patients who aborted within the or after the termination of the pregnancy. Some- 
first 16 weeks of pregnancy. SPI was less than times—for example, in Cases DP and MB—the 
6.0 y per cent in 18 of the 26. This suggests that abortion definitely preceded the measurement of 
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SPI. In other cases, such as B68002 and ABI, 
the abortion occurred so long after the determina- 
tion of SPI that it is impossible to relate the two. 
The SPI of B68002, at the end of seven weeks, 
was 5.4y per cent. It is quite impossible to as- 
sert that nine weeks later, when she aborted, it 
had not risen above 6.0 y per cent. Conversely, 
ABI’s SPI of 83y per cent at the end of six 
weeks may have fallen before her abortion ten 
weeks later. In five cases (DB, EBr, NP, RBa 
and EWi) figures for SPI before or after preg- 
nancy are available for comparison. In every 
case these are distinctly different. In two, DB 
and EWi, the SPI was higher in pregnancy, but 
below 6.0 y per cent. In a third, NP, it was 6.5 y 
per cent in pregnancy. In the remaining two, 
EBr and RBa, SPI appears to have fallen instead 
of rising during pregnancy. In no instance was 
the SPI outside of pregnancy below the normal 
range. In eight cases SPI was over 6.0y per 
cent. Whether or not, therefore, a low value is 
incompatible with continuation of pregnancy, a 
high value does not insure against abortion. 
In seven cases thyroid or thyroxine, or both, 
were given at the time SPI was measured, be- 
cause of bleeding, without preventing the abor- 
tion. In most of these abortion followed so rap- 
idly that the thyroid can have had little effect. 
It is possible that some of these patients had 
aborted before the thyroid or thyroxine was given. 
DC, for example, was given thyroxine for bleed- 
ing after the seventh week. The bleeding stopped 
and SPI rose and remained high under continued 
treatment with thyroid. At the end of the 12th 
week she bled again. The Ascheim-Zondek test 
at this time proved to be negative. It seems 
highly probable that she actually aborted on the 
earlier occasion. RD, on the other hand, did not 
escape an abortion, despite the administration of 
enough thyroid to raise her SPI from 4.0 to 7.0 y 
per cent. Whether it remained at this level is un- 
certain, because the dose of thyroid was reduced 
from 0.24 to 0.12 gm. between the second de- 
termination and abortion. Several patients were 
already receiving variable amounts of thyroid 
when SPI was first measured. In four of these 
EI, HS, IB, and MPo,, SPI was low in spite of 
the medication. In MPo,, despite 0.12 gm. of 
thyroid daily, SPI was lower during pregnancy, 
2.8y per cent, than it was two weeks after abor- 


TABLE IV 
Patienis who, having previously aborted (see Table III), 
had successful pregnancies 
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* Weeks after last menstrual period. 

t Before indicates that the patient was receiving thyroid 
before the determination of SPI. After indicates that 
medication was begun after the determination of SPI 


tion, 4.4y per cent. Although these figures sug- 
gest that low SPI conduces to abortion, they per- 
mit no definite conclusions, chiefly because only 
single observations are available on subjects who 
did not receive thyroid. It is clear that adminis- 
tration of thyroid after bleeding has begun will 
not consistently prevent abortion, even if it raises 
SPI above 6.0 y per cent. 

In Table IV are presented the data from six 
patients who, having aborted in one pregnancy, 
successfully carried through another to delivery. 
The records during the pregnancy that ended 
in abortion have been given in Table III. The 
first two, BH and MG, had no complications nor 
special therapy during their successful pregnan- 
cies. Both had, however, far higher SPI’s on the 
second occasions. The SPI of BH after seven 
weeks of her earlier pregnancy was 2.7 y per cent; 
in her successful pregnancy it was 6.5 y per cent 
at the end of eight weeks and subsequent figures 
after ten and 12 weeks were 5.9y per cent. 
MG had SPI’s of 5.4 and 8.7 y per cent, respec- 
tively. The comparison in this case is not so 
precise as it is in BH, because the analysis in 
the early pregnancy was made after eight weeks, 
while in the successful pregnancy it was made 
after 13 weeks. In both instances during the 
earlier pregnancy, after bleeding had begun, ad- 
ministration of thyroxine and thyroid failed to 
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prevent abortion. The remaining four cases 
were treated with thyroid. Among these, RBa 
and MPo had higher SPI’s in their successful 
pregnancies. The remainder were already re- 
ceiving thyroid or were given thyroid when SPI 
was first measured. In every case but one, initial 
SPI’s were greater than 5.0, and subsequent val- 
ues never lower than 5.8 y per cent. The excep- 
tion, IB, is quite unique. The only determination, 
made after 26 weeks, was 3.8y per cent, when 
the patient was receiving daily 0.15 gm. of 
thyroid. 

Forty-eight women, without evidence of hy- 
pothyroidism, successfully completed 51 preg- 
nancies while receiving thyroid substance. This 
treatment was instituted for such diverse reasons 
that in the majority of cases it is impossible to 
determine whether or not it prevented abortions 
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* a indicates before pregnancy, p indicates after delivery. 

t Before indicates that the patient was already receiving 
thyroid. After indicates that thyroid was begun after the 
measurement of SPI. 

t No thyroid given after delivery. 
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or contributed in any way to the well-being of the 
mother or fetus. Frequently it was begun before 
the first observation of SPI or even before the 
onset of pregnancy because of a history of pre- 
vious abortions or infertility. So commonly is 
thyroid administered in pregnancy for various 
reasons without objective criteria of deficient thy- 
roid function that its beneficial effect is almost 
impossible to evaluate. In ten of the 57 preg- 
nancies abortion was threatened at one time or 
another, but pregnancy continued to term. These 
are presented in Table V. Bleeding or cramps 
occurred in eight of these during the first 16 
weeks. Of these eight only four had SPI’s of 
6.0 y per cent or less. In the other four SPI 
varied from 6.9 to 7.3 y per cent. Thyroid was 
given to all eight immediately. Obviously SPI 
greater than 6.0 y per cent does not confer pro- 
tection against bleeding or cramps. But just as 
obviously it is impossible to assert that these pa- 
tients would have aborted if thyroid had not been 
given. In two instances bleeding occurred after 
20 and 21 weeks, respectively. In one the SPI 
had risen gradually from 4.8 y per cent at seven 
weeks to 6.6 y per cent at 20 weeks. The patient 
had received 0.06 gm. of thyroid daily up to this 
time, when bleeding began. She was immediately 
given 2 mg. of thyroxine intravenously. Three 
days later SPI was 18.1 y per cent. The bleed- 
ing stopped. At the end of four more days when 
SPI had fallen to 12.8 y per cent, she was given 
a continuing dose of 0.12 gm. daily, which was 
increased to 0.18 gm. at the end of 25 weeks. 
On this dose SPI fell to 7.8 y per cent at the end 
of 33 weeks and to 5.8y per cent after delivery. 
The SPI of the second patient was 7.3 y per cent 
at the end of 13 weeks, but six weeks later had 
dropped to 6.7 y per cent in spite of the fact that 
she had meanwhile been given 0.12 gm. of thy- 
roid daily. At the end of 21 weeks she began to 
bleed. Whether SPI had fallen further was not 
ascertained. The dose of thyroid was at once in- 
creased to 0.24 gm. Six weeks later, when SPI 
was 8.5 y per cent, the dose was reduced to 0.12 
gm. again because the patient complained of 
nervousness. With this one exception, possibly 
transient, at a late stage of pregnancy, after 16 
weeks all values were 6.0 y per cent or higher. 
In four of the subjects postpartum values were 
below 6.0 y per cent, but within the normal range. 
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In these respects, therefore, whether administra- 
tion of thyroid contributed to the prevention of 
abortion or not, SPI followed the course char- 
acteristic of normal pregnancy. 

Effects of administration of dried thyroid or 
thyroxine. In Table VI are presented the rec- 


TABLE VI 
Patients who received thyroid because of low SPI 
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* a indicates before pregnancy, p indicates after delivery. 

¢ Before indicates that the patient was already receiving 
thyroid. After indicates that thyroid was begun after the 
measurement of SPI. 


ords of 23 women who were given thyroid or 
larger doses of thyroid specifically because SPI 
was low in the early stages of pregnancy. All de- 
livered at term. In the majority of those who had 
repeated examinations, SPI rose above 6.0 y per 
cent. The number of prolonged studies is, how- 
ever, small. In four instances (GM, EWa, EsB 
and RBI), SPI was less than 6.0 y per cent be- 
tween 16 and 20 weeks in spite of thyroid. Two 
of these probably represent transitory drops: GM 
to 5.2 y per cent at 17 weeks, and EWa to 4.7 y 
per cent at 18 weeks. The latter had an SPI of 
7.7 y per cent at 29 weeks. In this instance SPI 
fell from 5.3 y per cent at 13 weeks to 4.7 y per 
cent at 18 weeks in spite of 0.18 gm. of thyroid 
daily. A single observation on EsB at 17 weeks, 
while she was receiving 0.12 gm. of thyroid daily, 
was 5.0y per cent. The remaining determina- 
tion on RBI, at 19 weeks, while she was receiv- 
ing 0.12 gm. of thyroid, was 5.8 y per cent, prac- 
tically indistinguishable from 6.0 y per cent. In 
one patient, BE, SPI of 5.6 y per cent at 16 weeks, 
without medication, fell to 3.7» per cent at 24 
weeks on 0.12 gm. of thyroid. This suggests that 
she disposed of exogenous thyroid with great 
facility. Such sporadic low values in the later 
stages of pregnancy have been noted earlier. 
In most instances SPI appears to be highly re- 
sponsive to the administration of thyroid. It is 
not, however, possible in most of these to distin- 
guish the effects of thyroid from the influence of 
pregnancy itself. The SPI of ACo, for example, 
before pregnancy, when she was not receiving 
thyroid, was 7.2y per cent. In her first preg- 
nancy, for no clear reason, she was given 0.18 gm. 
of thyroid at nine weeks. Without any change of 
this dose, SPI was successively 7.5, 8.5, and 
9.4 y per cent at 13, 19, and 32 weeks respectively. 
This patient is remarkable in certain other re- 
spects. During the course of the year succeed- 
ing her delivery, without thyroid, she had an abor- 
tion. In a subsequent pregnancy, which is re- 
corded in the Table, her SPI at six weeks was 
only 4.7 y per cent. On 0.18 gm. of thyroid it 
rose to 5.9y per cent after a week and to 8.3 y 
per cent at 17 weeks, approximately the same 
as its concentration at the same stage of her first 
pregnancy. GGl was given 0.24 gm. of thyroid 
daily at seven weeks, when her SPI was 5.6 y per 
cent. Without any change of dose, the SPI rose 
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TABLE VII 


Patients who received thyroid and delivered normally, although 
no SPI lower than 6.0 y per cent was observed 
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*If not otherwise marked, indicates weeks after last 
menstrual period; a indicates weeks before conception; p 
indicates weeks after delivery. 

t Before indicates that the patient was already receiving 
thyroid. After indicates that thyroid was begun after the 
measurement of SPI. 


to a peak of 10.9 y per cent at 12 weeks and there- 
after gradually declined to 6.9y per cent at 32 
weeks. After delivery, when thyroid had been 
discontinued, it fell still further, to 5.2 y per cent. 
This suggests that, although thyroid may accel- 
erate the initial rise of SPI, thereafter, on a con- 
stant dose, SPI follows the course usual in preg- 
nancy. In spite of the fact that doses of from 
0.18 to 0.30 gm. of thyroid were given to these 
subjects over long periods, SPI did not exceed 
the concentrations ordinarily encountered in preg- 
nancy nor were symptoms or signs of hyperthy- 
roidism encountered. This may denote that the 
pregnant woman is tolerant of the thyroid hor- 
mone or able to dispose of it with unusual facility. 
It must be recognized, however, that a proportion 
of normal women have a similar tolerance (10, 


11). 
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If, as other evidence suggests, failure of SPI 
to rise is incompatible with the continuation of 
pregnancy, the data of Table VI suggest that ad- 
ministration of thyroid in generous amounts when 
SPI is low may prevent abortion. This would 
imply that the increment of SPI in pregnancy is 
composed of thyroid hormone. To verify this it 
is necessary, however, to prove more definitely 
that abortion is a regular consequence of a per- 
sistent low SPI. This requires the study of a 
larger number of untreated subjects in the early 
weeks of pregnancy. 

Fifteen women who delivered normally were 
given thyroid in spite of the fact that their SPI’s 
were 6.0 y per cent or higher at the first observa- 
tions during pregnancy, usually because of histo- 
ries of previous infertility or abortions. The data 
from these cases are presented in Table VII. In 
no instance did the thyroid drive SPI above the 
normal range for pregnancy. In two, in fact, 
SPI fell after the administration of thyroid. In 
HL the low values were observed in the last tri- 
mester of pregnancy. In this case thyroid was 
not given until the end of 27 weeks. In HP, after 
rising from 6.3 to 9.9y per cent between seven 
and nine weeks on 0.18 gm. of thyroid, SPI 
dropped to 5.8 y per cent at the end of 20 weeks. 
Its subsequent course is unknown. 

In both these last series shown in Tables VI 
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Fic. 2. Tue Course or SPI or a Susject IN THREE 
PREGNANCIES THAT ENDED IN ABORTION 
The daily dose of thyroid, in grams, given during 
each pregnancy, together with the duration of its ad- 
ministration, is shown by the figures and arrows below 
the curves. Crosses indicate bleeding or cramps; dag- 
gers represent abortion. 
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and VII, as in previous series, SPI before and 
after pregnancy, when it was measured, lay within 
the normal nonpregnant range. 

That thyroid may not be successful in pre- 
venting abortion, even if it is given in large doses 
before any signs or symptoms appear, is illustrated 
by the woman whose record is illustrated in Fig- 
ure 2. In her first pregnancy, at two weeks and 
seven weeks SPI’s were 4.5 and 5.3 y per cent, 
respectively. At this time, because of bleeding, 
she was given 0.30 gm. of thyroid daily. In 
spite of this she aborted and curettage was neces- 
sary at 12 weeks. Three months later she again 
became pregnant. After five weeks, because SPI 
was only 4.2 y per cent, she was given 0.24 gm. 
of thyroid. At eight weeks SPI had risen to 
6.0 y per cent. Two weeks later the dose of thy- 
roid was raised to 0.30 gm. Although SPI was 
7.7y per cent at 18 weeks, she again aborted. 
Three months later, without thyroid, SPI was 
4.9 y per cent, a normal value. Nevertheless, she 
was given 0.12 gm. of thyroid daily. Her last 
menstrual period occurred two days later. At 
the end of five weks SPI was only 3.5 y per cent, 
although the dose of thyroid had been increased to 
0.24 gm. three days earlier. It was immediately 
raised to 0.30 gm. In another two weeks SPI 
was 9.2 y per cent. In spite of the fact that it did 
not fall below 8y per cent, uterine contractions 
began at 16 weeks. These diminished after the 
dose of thyroid was increased to 0.42 gm., but she 
aborted after 23 weeks. In this case the rise of 
SPI in every pregnancy was delayed. 
in every instance it was lower than the only value 
obtained in the nonpregnant state. This was 
within normal limits, an indication that the sub- 
ject had no thyroid deficiency. Nevertheless, 
large doses were required to raise SPI to char- 
acteristic pregnancy values. Even when thyroid 
was begun before pregnancy and relatively early 
elevation of SPI was achieved, abortion was not 
prevented. As the intensity of thyroid therapy 
was increased and as it was initiated at an earlier 
date, there was a suggestion that pregnancy was 
prolonged. In this case there appears to be 
some inherent obstacle to the conduct of normal 
pregnancy that is associated with low SPI. This 
can be ameliorated, but not abolished, by adminis- 
tration of enough thyroid at an early date to raise 
SPI to concentrations appropriate for pregnancy. 


In: fact; * 


TABLE VIII 
Premature deliveries 
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Spotting for 6 days; 
delivery 2 days after 
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earlier; delivery at 25 
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VH . .06 s 
5 21 A Delivery at 36 weeks 

BS9643 Delivery at 35 weeks 

MRo Delivery at 36 weeks 




















* Weeks after last menstrual period. 

t Before indicates that the patient was already receiving 
thyroid. After indicates that thyroid was begun after the 
measurement of SPI. 


Similar conditions may obtain in those subjects 
reported above who aborted in spite of normal 
Sri. 

Premature deliveries. Attention has been 
called frequently to occasional low values oc- 
curring late in pregnancy. It has been impossible 
to attach any significance to these. Furthermore, 
to date no relation has been discovered between 
“premature” deliveries in the latter months of 
pregnancy and SPI. The data on this point are, 
however, necessarily scanty. Five patients who 
received the diagnosis of premature delivery are 
presented in Table VIII. The first two do not 
properly belong in this category because both de- 
livered at 25 weeks. The first, KA, just before 
delivery, on 0.15 gm. of thyroid daily had an 
SPI of 8.8y per cent. The second, 19373, at 13 
weeks bled slightly; but at 17 weeks had not 
aborted and had an SPI of 6.5y per cent. She 
went into labor, however, and delivered at 25 
weeks. The remaining three patients delivered 
at 35 or 36 weeks. One of them, VH, was given 
0.06 gm. of thyroid before pregnancy because her 
SPI was only 3.8 y per cent, a low normal figure. 
At six weeks, because SPI had risen only to 5.1 y 
per cent, the dose of thyroid was increased to 0.21 
gm. daily. The SPI at 12 weeks had risen to 
8.2y per cent. Although the thyroid was con- 
tinued, she had a premature delivery after 36 
weeks. The SPI’s of the remaining two appear 
to have risen to proper pregnancy concentrations. 
Their pregnancies were uneventful until their 
deliveries at 35 and 36 weeks respectively. 
Neither received thyroid. It is impossible in any 
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Fic. 3. Tue Course or SPI Durtnc Four PrREGNAN- 
CIES OF A SUBJECT WITH A TENDENCY TO PREMATURE 
DELIVERY 

The general construction of the chart is similar to that 
of Figure 2. D represents normal delivery. 


of these cases to be certain that SPI did not fall 
later in the course of pregnancy. 

One patient, whose record is illustrated in Fig- 
ure 3, merits especial consideration. At the age 
of 22, because of a basal metabolism of — 23, she 
was given 0.0125 gm. of thyroid daily. In 1939, 
when her basal metabolism was found to be — 12, 
she was given 0.06 gm. of thyroid daily. On 
neither occasion did she have symptoms of hy- 
pothyroidism. In November, 1942, her right tube 
was removed for a tubal pregnancy. In February, 
1946, she had an abortion at three months. July 
22, 1946, while on 0.06 gm. of thyroid daily, her 
SPI was 4.5 y per cent. October 24 she became 
pregnant. Shortly after this the dose of thyroid 
was increased to 0.24 gm. daily. She had an un- 
complicated pregnancy, except for slight bleeding 
in the first months at the times of her menstrual 
periods, and was delivered on July 23, 1947, at 
term, of a normal child. On November 10 of that 
year she again became pregnant. Thyroid 0.24 
gm./day was begun on December 27. Again she 
bled slightly in the first months at the time of her 
normai menstrual periods; but otherwise her 
pregnancy proceeded normally until July 4, 1948, 
when she went into labor and was delivered of a 
premature child who died two days later. Thy- 
roid medication was discontinued after delivery. 
SPI’s, 38 and 93 days after delivery, were 4.3 and 
4.1 y per cent, respectively. February 23, 1949, 
she again became pregnant. After six weeks her 
SPI was 5.5 y per cent. She was again given 0.24 
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gm. of thyroid daily. Four weeks later her SPI 
was 7.8 y per cent. Nevertheless she had a spon- 
taneous abortion at the end of 13 weeks. On 
July 27 she once more became pregnant. On this 
occasion no thyroid was given. SPI was 69y 
per cent only two weeks after her last menstrual 
period. Although it fell to 4.6 and 4.4 y per cent 
at six and seven weeks, it rose after this spontane- 
ously and remained well above 6.0 y per cent un- 
til the end of 32 weeks when she bled profusely. 
Despite administration of 2 mg. of thyroxine in- 
travenously, she was delivered of a dead fetus 
within 24 hours, with evidence of premature sepa- 
ration of the placenta. From the values of SPI 
when she was neither pregnant nor receiving thy- 
roid, as well as the absence of symptoms and 
signs, the patient was evidently not hypothyroid. 
There is no evidence that administration of thy- 
roid altered the course of her pregnancies. The 
fact that one pregnancy went to term while she 
was receiving thyroid seems to be purely ad- 
ventitious. Without thyroid, the last, her sixth 
pregnancy, proceeded quite as long as did the 
fourth in which she received thyroid. 


DISCUSSION 


That SPI rises during pregnancy appears to 
have been established. This rise is attended by 
no clinical evidence of excessive activity of the 
thyroid gland. It occurs long before the increase 
of basal metabolism that accompanies pregnancy. 
The latter also presumably denotes no increased 
activity of the thyroid, but seems rather to be 
related to the need for extra oxygen created by 
the enlargement of the uterus and the growth of 
the fetus. 

The almost complete absence of SPI’s below 
6.0 y per cent after 16 weeks suggests that con- 
centrations above this are, in normal persons, 
necessary for the successful completion of preg- 
nancy. At the left of Figure 1 the limits of varia- 
tion of SPI in various conditions are defined. It 
is evident that in a group of nonpregnant women 
of this size the majority of points would lie be- 
tween 4 and 6y per cent, an area that is almost 
empty, and that there would be only an occasional 
spot above 7 y per cent, which is the most thickly 
populated area of the figure. In the period before 
12 or 16 weeks there are more points in the 
normal range. If all pregnant women were in- 
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cluded, not only those who completed pregnancy 
without medication, the area between 4 and 6y 
per cent in the first weeks of pregnancy would be 
fuller. From the paucity of points below 6y per 
cent after 16 weeks, the fact that the SPI of non- 
pregnant women most frequently lies in this area, 
and the greater frequency of such points in the 
earlier weeks of pregnancy, it may be inferred 
that before the end of this period SPI regularly 
attains a concentration of 6y per cent or more 
and that when it fails to rise to this level abortion 
occurs. 

In the patients who aborted and those who re- 
ceived thyroid substances, as in the normal preg- 
nancies, there is the same tendency for SPI in 
pregnancy to lie above 6.0y per cent after 16 
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as pregnancy advances to 16 weeks. SPI, there- 
fore, in a considerable number of women, remains 
low in the early weeks of pregnancy. Some of 
the later points below 6y per cent represent 
transient fluctuations. However, the concentra- 
tion 6.0 was selected somewhat arbitrarily be- 
cause the great majority of observations lay above 
this concentration. It would be surprising indeed 
if there were not some overlap in the zone of 
differentiation. The two extremely low figures 
represent single observations on two patients. 
What the SPI may have been at other times in 
the course of pregnancy is unknown. On the 
whole the data support the earlier hypothesis that 
if pregnancy is to be completed, SPI is not con- 
sistently below about 6.0 y per cent after preg- 
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Fic. 4. Tue SPI or Att Suspjects WuHo RECEIVED THYROID AND SUCCESS- 
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Dots indicate that the subject had not received thyroid, crosses that she 


had received thyroid before the observation. 
The area to the left represents time before, 
that to the right time after, pregnancy. 


defined by the vertical lines. 


weeks. This is best illustrated in Figure 4 which 
includes all observations on patients who were 
delivered at term. A cross indicates that the sub- 
ject was receiving thyroid, a dot that she was 
taking no’ medication. The paucity of points in 
the area below 6.0y per cent after 16 weeks is 
again evident. Of the tota! number of o»serva- 
tions only ten are found in this area. Of these, 
five are greater than 5.0 y per cent. 

There is, however, in contrast to the series of 
normal pregnancies reported in the preceding 
paper, a larger aggregation of values below 6 y per 
cent in the early weeks of pregnancy. This would 
be still greater if the observations in Table III 
from the subjects who aborted were included. 
The incidence of low points also seems to diminish 


The period of pregnancy is 


nancy has proceeded approximately 16 weeks. 
This would mean that SPI regularly achieves 
this level in the course of the first 16 weeks in 
successful pregnancies. This suggests, but does 
not necessarily imply, that failure of SPI to rise 
in this period conduces to abortion. Definitive 
proof that this is the case must depend upon the 
intensive study of a large group of subjects dur- 
ing early pregnancy without medication. 

In the small series thus far collected, early mis- 
carriage appears to be more common in those 
with low SPI. An SPI above 6.0y per cent, 
however, obviously does not preclude abortion. 
If failure of SPI to rise does predetermine abor- 
tion, the question arises whether there is a critical 
time and a critical concentration. Sometimes 
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SPI exceeds 6.0y per cent as early as the diag- 
nosis of pregnancy can be established. In other 
cases it remains below this concentration until 
the period of 16 weeks is almost completed. The 
majority of miscarriages occur earlier than this. 
If low SPI is correlated with the cause, rather 
than the incidence, of miscarriage, why do some 
subjects tolerate low values longer than others 
do? Are those who do miscarry inherently in- 
capable of raising their SPI’s or would their 
SPI’s eventually rise if they escaped miscarriage? 

Failure of SPI to rise in those that miscarry 
may be an indication that there is a defect in the 
ovum or its implantation of such a kind that the 
stimulus that causes SPI to rise is lacking. In 
those in which SPI rises late, but abortion is 
avoided, this stimulus may be only partly lacking, 
or the defect may lie not in a deficient stimulus, 
but in a deficient or delayed reaction of the 
mechanism responsible for the rise of SPI, pre- 
sumably the secretory activity of the thyroid 
gland or the utilization of the thyroid hormone, 
or both. In this case SPI would be little more 
than a symbol. Miscarriages would be associated 
with low SPI, but the latter would not necessarily 
determine a miscarriage. Such /a hypothesis 
seems to be consistent with most of the facts 
presented. It gains some support from the cases 
in which the patient who miscarried in one preg- 
nancy with low SPI had a subsequent successful 
pregnancy when SPI rose early (cases BH and 
MG, Tables III and IV). It might partly explain 
the consistent failure to complete pregnancies dis- 
played by A63436 (Figure 2). It would not, 
however, account so well for the relative absence 
of low values after 16 weeks or the apparent 
prolongation of pregnancy by thyroid in A63436. 

This hypothesis would relegate the elevation of 
SPI and the thyroid hormone to a derivative or 
adventitious position. Alternatively, completion 
of pregnancy may depend on the proper reactivity 
of the mechanism which causes SPI to rise, pre- 
sumably increased secretory activity of the thy- 
roid gland, with diminished or increased utiliza- 
tion of thyroid hormone. If the first hypothesis 
is correct, the common practice of administering 
thyroid to prevent abortion, which originated on 


a purely empirical basis, would be of no value. 
These two hypotheses are not, of course, mutually 
It may be that both stimulus and re- 


exclusive. 


HEINEMANN, C. E. JOHNSON, D. C. LEARY, AND J. P. PETERS 


activity of the thyroid gland must be adequate. 
The present study is intended in part to throw 
some light on these questions. 

It is clear from the data of Table III that the 
administration of thyroid, or even thyroxine, in 
massive doses, will not regularly prevent abor- 
tion after symptoms have begun. In most in- 
stances, however, there can be no assurance that 
abortion was not already an accomplished fact 
before the thyroid or thyroxine was given. The 
generally higher values of SPI in the successful 
pregnancies of Table IV, as contrasted with those 
in the abortive pregnancies of the same individuals 
in Table III, suggest that a high SPI is advan- 
tageous and that administration of thyroid tends 
to raise SPI. The patients in Table V might be 
cited as more direct evidence of the beneficial ef- 
fect of thyroid. In this group completion of abor- 
tion may have been prevented by timely ad- 
ministration of thyroid. In five of the ten preg- 
nancies, medication was followed by a distinct rise 
of SPI. In three of the five, SPI at the onset of 
cramps or bleeding was lower than 6 y per cent. 
The total number of cases is, however, small and 
the number of controls who, under similar cir- 
cumstances, did not receive thyroid is smaller. 
In Tables VI and VII is a goodly array of women 
who, having received thyroid, completed preg- 
nancy successfully without symptoms of mis- 
carriage at any time. The greater proportion of 
these (those in Table VI) were given thyroid 
because SPI was low. In most of those in which 
further observations were made, SPI rose in re- 
sponse to the medication, but repeated observa- 
tions were all too few and again adequate con- 
trols are lacking. The data on the whole suggest, 
but certainly do not prove, that administration 
of thyroid prevents abortion. 

Attention has been called to the ineidence of 
abortions with SPI above 6y per cent. If low 
SPI does promote abortion, these cases can not 
be summarily dismissed as belonging to a differ- 
ent category. In normal pregnancy some women 
carry higher SPI than others. This may be a 
necessary provision. In only one of the patients 
of this series, in addition to A63436 (Figure 2), 
did abortion or threatened abortion occur when 
SPI was 7.5y per cent or higher. It may be 
more than a coincidence that the points below 
6y per cent after 16 weeks in Figure 4 are all 
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derived from patients who were receiving thy- 
roid. If the increment of SPI in pregnancy is 
composed of thyroid hormone, its significance 
still remains to be elucidated. It could mean 
diminished utilization of hormone, though this 
seems highly unlikely. It is generally held, from 
morphological studies, that secretory activity of 
the thyroid is increased and, as a corollary, that 
this is a response to an increased demand for the 
hormone to meet increased utilization. An in- 
creased supply would then be the prime neces- 
sity. With the administration of exogenous thy- 
roid the tissues might be able to derive the neces- 
sary hormone from the circulation by more effi- 
cient extraction with a lower concentration in 
the serum. 

Much of this discussion and the data on which 
it is based tend to pose rather than to answer 
questions as to the clinical value and significance 
of SPI in pregnancy. The data may, however, 
throw some light on the nature of the increment 
in pregnancy. Values of SPI as high as those 
encountered in pregnancy are regularly associ- 
ated with symptoms of hyperthyroidism in non- 
pregnant women. This seems to denote either 
that the pregnant woman tolerates a greater con- 
centration of hormone in her serum or that the 
increment is not composed of thyroid hormone. 
In many of the cases in this series, SPI was rap- 
idly raised by administration of thyroid or thy- 
roxine to levels characteristic of hyperthyroidism 
without appearance of symptoms. Presumably 
these increments of iodine were hormonal. Preg- 
nancy does, therefore, appear to confer a toler- 
ance for circulating thyroid hormone. In a few 
instances in which SPI was suddenly raised to 
unusually high concentrations it tended to de- 
cline to more moderate concentrations as preg- 
nancy advanced. Whether the endogenous sup- 
ply was reduced, utilization accelerated, or re- 
moval by other channels increased, it is impos- 
sible as yet to say. It is noteworthy that on the 
whole, regardless of the dose of thyroid, the con- 
centration of SPI, with the exception of the tem- 
porary shoots mentioned above, tended to estab- 
lish itself in the range characteristic of pregnancy. 

This tolerance appears to differ somewhat from 
that displayed by nonpregnant women, in which 
the concentration of SPI does not rise, or, after 
a preliminary rise, recedes to the normal range 
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(10). In most of the present series in which SPI 
was measured postpartum, thyroid was discon- 
tinued after delivery. In the two cases in which 
it was continued, it was found to be in the nor- 
mal nonpregnant range. In one it fell after de- 
livery. This strengthens the impression that SPI 
is sustained by pregnancy. Whether the incre- 
ment of SPI is, like the greater proportion of the 
normal SPI, composed of thyroid hormone can- 
not be decided from these studies. It does behave 
like the thyroid hormone in attaching itself to 
the serum proteins. 
by butanol (12, 13). 


Furthermore, it is extracted 


CONCLUSIONS 


The serum precipitable iodine has been deter- 
mined on one or more occasions during preg- 
nancy in 46 women without complications or 
signs of overactivity or underactivity of the thy- 
roid gland who delivered at term. In only three 
instances was SPI observed below 6.0 y per cent 
after 16 weeks of pregnancy. In nine patients 
with pregnancies complicated by conditions other 
than abnormal activity of the thyroid, SPI with 
one exception lay at the same high levels. This 
is also true of 14 patients still undelivered but 
with apparently normal pregnancies, well ad- 
vanced. In those patients studied before and af- 
ter pregnancy, SPI is found to rise early in preg- 
nancy and to fall shortly after delivery. 

The precipitable iodine of serum (SPI) has 
been measured in a series of euthyroid pregnant 
women who aborted or who received thyroid sub- 
stance to prevent abortion. There is some evi- 
dence that if SPI does not rise above about 6 y 
per cent during the first 16 weeks, pregnancy is 
unlikely to proceed to term and that abortion is 
more common in those women whose SPI’s do 
not rise relatively early in pregnancy. Adminis- 
tration of generous amounts of thyroid substance 
accelerates the rise of SPI. The cases reported 
suggest that, if thyroid is given early enough, it 
may diminish the tendency to abortion. A larger 
body of controls is required to establish these 
points. 

If thyroid is given to the pregnant woman, the 
curve of SPI tends to follow a course similar to 
that of the untreated pregnant woman. The im- 


plications of this fact with respect to the nature 
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and significance of the increment of SPI in preg- 
nancy are discussed. 
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In a series of papers (1-3) it has been shown 
that the precipitable iodine of the serum (SPI) 
rises in early pregnancy and remains elevated un- 
til delivery, thereafter returning to its usual con- 
centration after a variable, but usually short, in- 
terval. Although SPI may rise to concentrations 
usually associated in nonpregnant women with 
hyperthyroidism, in pregnancy these rises are 
accompanied by no marks of excessive thyroid 
activity. In a large series of subjects without 
disorders of the thyroid, SPI was regularly below 
7.8y per cent, in hyperthyroid subjects it was 
regularly above 7.2y per cent. Between these 
two points there was slight overlapping (4). In 
normal pregnancy, however, the majority of val- 


ues lie above 7.2 y per cent, with some as high 


as 10.0y per cent (3). The evidence indicates 
that failure of SPI to attain a concentration of 
about 6.0 y per cent or higher within the first 16 
weeks of pregnancy predisposes to miscarriage, 
and suggests that administration of active thyroid 
substances to women with low SPI early in preg- 
nancy may avert miscarriage (3). 

The significance of the elevated SPI is quite 
obscure. This increment is presumably com- 
posed of thyroid hormone. If it is hormone it 
still remains to discover whether the supply of 
hormone from the thyroid gland is increased, 
whether its utilization by the tissues is increased 
or diminished, or whether for some reason its 
combination with serum protein is unusually in- 
dissoluble. Other explanations of the phenomena 
can be conceived, but these serve to indicate the 
nature of the problem. Some indirect evidence 
may be secured by analysis of the behavior during 
pregnancy of patients with excessive or deficient 


1 This investigation was supported (in part) by a re- 
search grant from the U. S. Public Health Service, and 
by a grant from the Fluid Research Fund of the Yale 
University School of Medicine. 


thyroid activity. The present paper, therefore, 
deals with the course of SPI in pregnancy of 16 
patients with disorders of function of the thyroid 
gland. 


MATERIAL AND METHODS 


The 16 patients were all under the care of the Metab- 
olism Clinic and staff. The majority were delivered on 
the Obstetrical Service of Yale University School of 
Medicine in the New Haven Hospital. A small num- 
ber were delivered elsewhere. The procedures and 
methods have been already described (3). 

Of the 16 patients nine were definitely hyperthyroid. 
Of these, one had two, and two had three pregnancies. 
One patient was definitely, a second probably, and three 
others questionably, hypothyroid. One patient when 
first seen in pregnancy had indubitable hyperthyroidism, 
but after three pregnancies became hypothyroid. The 
last of the 16 had questionable hyperthyroidism. In all 
cases the treatment was altogether medical, consisting 
of the administration of dried thyroid, Lugol’s solution, 
and either thiourea or propylthiouracil. With few ex- 
ceptions, which are noted in the protocols, patients re- 
ceived 14 or 15 drops of Lugol’s solution daily while they 
were taking thio drugs. 


PROTOCOLS OF CASES 


Only features relevant to the subject of this 
paper are included in the following protocols. 


B82863, born in 1917, had had a thyroidectomy for 
toxic goiter in 1939 and two operations for recurrences 
in 1946; one uncomplicated pregnancy in 1943, mis- 
carriages in 1944 and 1946. When first seen, June 26, 
1946, she had frank signs of hyperthyroidism with a dif- 
fuse goiter, slight exophthalmos, blood pressure 160/90, 
basal metabolism +26 per cent, and SPI 12.57 per 
cent. The record of SPI and antithyroid medication, 
beginning at this point, is illustrated in Figure 1. The 
course for 66 weeks preceding pregnancy is represented 
in broken lines to show the fluctuant character of the dis- 
ease and SPI. During this period she was treated intermit- 
tently with Lugol’s solution alone. When SPI was below 
8.0 ¥ per cent she was free from signs and symptoms; when 
it rose above 8.07 per cent, hyperthyroidism manifested 
itself. The SPI of 887 per cent just before preg- 
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nancy 4 was accompanied by symptoms and apparently 
marked an exacerbation of her disease, since thio drugs 
were required thereafter. Throughout the pregnancy 
and the early postpartum period she seemed to be in a 
euthyroid state; but 16 weeks after delivery, with SPI 
10.3 per cent, there were signs of overactivity of the 
thyroid. Nevertheless, medication was stopped. She 
was evidently in a relapse 11 weeks before pregnancy 
5 with SPI 184y7 per cent. This responded rapidly 
to propylthiouracil, the dose of which had to be re- 
duced in the course of the pregnancy. Symptoms of 
hyperthyroidism did not recur until after 26 weeks 
and following interruption of the drug for two weeks 
SPI reached 13.27 per cent. Symptoms ceased again 
shortly after the SPI of 10.37 per cent at the end 
of 31 weeks. 


The hyperthyroidism in this case evidently 
progressed in severity during the period before 
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The period of pregnancy is defined by the two vertical 
lines. It is arbitrarily set at 40 weeks after the last 
menstrual period, 0 weeks. Observations are also dated 
from this period. The interval between the last ob- 
servation in pregnancy and delivery is not, therefore, 
precise, since delivery did not always occur after ex- 
actly 40 weeks. Periods before and after pregnancy are 
indicated to the left and right of the pregnant area, re- 
spectively. Therapy is indicated by the figures below 
the chart, the lines and arrowheads indicating the dura- 
tion of each dose. 

In this particular case the broken line with solid 
dots does not represent a pregnancy, but a continuous 
period of 72 weeks preceding her fourth pregnancy dur- 
ing which the patient received only Lugol's solution 
(see protocol). 
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pregnancy 4. The outburst of hyperthyroidism 
before pregnancy 5 can be attributed to inadvised 
discontinuation of therapy. The doses of thio 
drugs used in the two pregnancies are not so 
different as the figures would indicate because 
of the greater effectiveness of a given weight of 
The initial dose was probably greater 
in pregnancy 5 while the later dose was greater 
in pregnancy 4 until the last period of 5 when 
the dose of propylthiouracil was increased to 
100 mg. This may account for the differences 
On the whole, how- 


thiourea. 


in the two pregnancies. 
ever, the general similarity of the course of 
SPI is more striking. It fell rapidly in the early 
part of both pregnancies, despite diminishing 
doses of thio drugs, until it reached values 
lower than those usually encountered in preg- 
nancy, rising again in the latter half of preg- 
nancy. The sequences are complicated by the 
fact that the patient was in a hyperthyroid state 
just before both pregnancies. Initial treatment 
was obviously overvigorous at first and, in preg- 
nancy 5, too light later. The complete with- 
drawal of propylthiouracil in this pregnancy was 
an error of clinical judgment. The rises of SPI 
as pregnancy advanced may have been due in 
part to the influence of pregnancy itself. In both 
pregnancies the patient remained free from symp- 
toms when SPI lay between 8 and 10 y per cent, 
the range for normal pregnancy, although symp- 
toms of hyperthyroidism had appeared with SPI 
in the region of 8y per cent when she was not 
pregnant. This tolerance persisted for an inter- 
val after delivery in both instances, while SPI 
remained elevated. Subsequently, after preg- 
nancy 4, hyperthyroidism appeared, with a fur- 
ther rise of SPI. 


B50050, born in 1922, had normal deliveries in 1941 
and 1942, miscarriages in 1941, 1942 and about July of 
1945. Symptoms of hyperthyroidism began early in 
1945. When first seen in March, 1946, she had diffuse 
enlargement of the thyroid, slight exophthalmos, frank 
hyperthyroidism, basal metabolism +68 per cent and 
SPI 24.27 per cent. The course of SPI and therapy, 
beginning with this point, which just preceded preg- 
nancy, is illustrated in Figure 2. After six weeks, with 
SPI down to 9.3 per cent, symptoms and signs of hy- 
perthyroidism had subsided. In neither pregnancy did 
symptoms or signs recur until the sharp peaks of SPI 
at 10 and 11 weeks postpartum. respectively. 
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TIENT IN Two SUCCESSIVE PREGNANCIES 
The general significance of the symbols is described in 
the legend to Figure 1. Only a part of the interval be- 
tween pregnancies is illustrated. 


The similarity of the course of SPI in these 
two pregnancies seems too close to be ascribed 
to coincidence. The slight early decline and the 
late rise resemble the reactions of the preceding 
case (B82863), but the picture is not distorted 
by changes of therapy or the severity of the thy- 
roid disorder, which appears to have remained 
relatively stable. The impression is derived that 
in pregnancy hyperthyroidism can be more easily 
controlled. In this sense hyperthyroidism is not 
synonymous with SPI which appears to follow 
a course similar to that characteristic of preg- 
nancy in euthyroid subjects, but perhaps at a 
higher level. The outbursts of hyperthyroidism 
after each delivery suggest a discharge of activity 
after the release of the inhibitory effect of preg- 
nancy. The figures in the later part of pregnancy 
are so high as to indicate that this condition con- 
ferred a degree of tolerance for thyroid hormone 
(or SPI) greater than the similar tolerance of 
euthyroid pregnant subjects. In this case, how- 
ever, this can not be definitely substantiated. 
Just before pregnancy 7, while the patient ap- 
peared to be in a euthyroid state, values of 12.9 
and 11.57 per cent were observed. 


PREGNANCY WITH THYROID DISEASE 


- to 1l.ly per cent. 
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B35786, born in 1922, had a normal pregnancy in 1943. 
In 1940 and in 1944 she was given small doses of thyroid 
because of increasing weight and lethargy. Symptoms of 
hyperthyroidism appeared early in February, 1946. She 
was seen March 7 of that year, four weeks pregnant, wit 
moderate enlargement of the thyroid, typical manifestations 
of hyperthyroidism, basal metabolism, +56 per cent and 
SPI 23.1 y per cent. Her course, beginning with this point, 
is illustrated in Figure 3. There was a temporary sharp 
fall of SPI, but symptoms were not allayed and basal 
metabolism remained elevated until about the 24th week. 
She was again distinctly hyperthyroid 11 weeks after 
delivery when SPI had shot up to 23.8y per cent and 
continued to have symptoms, except during a short re- 
mission when SPI feli to 6.2, until pregnancy 3. In the 
first part of this pregnancy, which terminated in a 
spontaneous miscarriage after 23 weeks, hyperthyroid- 
ism was not allayed and SPI rose, probably because the 
patient was unable by reason of nausea to take her 
medication. Three days after the miscarriage (the 
interval in the figure is not real, but represents only 
transition from pregnancy to the postpartum state) 
basal metabolism was +3 per cent and SPI had fallen 
Thirty-five weeks after the mis- 
carriage she was again thyrotoxic and came into preg- 
nancy 4 in this state. She became euthyroid, however, 
shortly after pregnancy began and remained in this state 
as long as she was followed. 


In this case again, after the initial hyperthyroid- 


ism was controlled, SPI declined steadily in both 
pregnancy 2 and pregnancy 4, remaining, how- 
ever, always above nonpregnant euthyroid con- 
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Fic. 3. THe Course or SPI or a HypertHyrow Pa- 
TIENT IN THREE SUCCESSIVE PREGNANCIES 

The general significance of the symbols is described in 
the legend to Figure 1. Pregnancy 3 ended in abor- 
tion at the point A. The interval between this and the 
vertical line marking the end of pregnancy does not in- 
dicate actual elapsed time. The next observation was 
made one week after the abortion. 
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centrations, suggesting that the requirement for 
thio drug diminished. Pregnancy 3 can not be 
evaluated. The course of SPI might suggest that 
the hyperthyroidism was exacerbated, the rise 
of SPI can probably be attributed to her failure 
to take her medication. After pregnancy 2 she 
had an outburst of hyperthyroidism associated 
with a sharp rise of SPI quite similar in degree 
and time to those of the preceding case. This 
Although 


only partly subsided spontaneously. 
no sharp spike was noted after pregnancy 3, SPI 
At 36 and 35 weeks, re- 


rose after pregnancy. 
spectively, the values for SPI after pregnancies 


2 and 3 were almost identical. The patient ap- 


peared to tolerate while pregnant values of SPI 
higher than those tolerated even during pregnancy 
by normal persons. 


C19922, born in 1913, when first seen on January 4, 
1949, had four children, the oidest 11. Symptoms of 
hyperthyroidism, which began four months earlier, were 
characteristic, including a slight goiter and mild exoph- 
thalmos, basal metabolism + 34 per cent and SPI 10.97 
per cent. Her course beginning at this point is il- 
lustrated in Figure 4. Symptoms were rapidly allayed, 
but recurred when the dose of thiouracil was reduced 
during the early part of pregnancy. 

C24644, born in 1914, developed symptoms cf hyper- 
thyroidism shortly after a normal delivery in 1946. 
When first seen, April 16, 1948, after she had taken 150 
mg. of propylthiouracil daily for three weeks, she was 
still definitely hyperthyroid, with a diffusely enlarged 
thyroid and SPI 7.17 per cent. On Lugol’s solution 
and 50 to 125 mg. of propylthiouracil daily, symptoms 
and signs were kept in abeyance and SPI within normal 
limits until the onset of her pregnancy, January 17, 1950. 
The record in Figure 4 begins 17 weeks before this. 


Although, after the onset of pregnancy, without change 
of medication, SPI rose, she remained euthyroid. 

C15500, born in 1920, had a normal pregnancy in 1946. 
In 1942 she developed hyperthyroidism, which recurred 
after a thyroidectomy in 1944. When first seen, August 
30, 1948, she had mild symptoms of hyperthyroidism and 
SPI 9.67 per cent. The course beginning with this point 
is illustrated in Figure 4. Symptoms subsided rapidly 
after propylthiouracil was begun. Thereafter, with the 
exception of a short interval at about 16 weeks when 
SPI was 11.77 per cent, she seemed euthyroid. 


SPI in the three cases illustrated in Figure 4 
remained at more moderate concentrations than 
it did in the three preceding cases. The observa- 
tions were, however, limited. In all, insofar as 
they were studied, SPI tended to rise as preg- 
nancy advanced. With these rises C19922 and 
C15500 developed or retained some symptoms 
and signs suggestive of continued overactivity of 
the thyroid. These are the only patients in the 
series who had such manifestations while SPI 
was below 10y per cent. In contrast, SPI of 
C24644 rose during pregnancy, without evidences 
of hyperthyroidism, to concentrations far above 
those that before pregnancy had been associated 
with symptoms. 


C38870, born in 1919, had an uncomplicated preg- 
nancy in 1942. At that time she was given 0.03 gm. of 
thyroid daily. In November, 1944, she developed symp- 
toms of hyperthyroidism, accompanied by urticaria, 
angioneurotic edema and bronchial asthma. When seen 
in this condition September 9, 1945, her basal metabolism 
was +36 per cent, SPI 10.47 per cent. The record 
of her course in Figure 5 begins eight weeks before the 
onset of pregnancy, which began June 15, 1949. In spite 
of the steady rise of SPI during pregnancy, she had no 
evidences of hyperthyroidism until eight weeks after 
delivery when SPI was 16.17 per cent. 

B87633, born in 1909, had normal pregnancies in 1940 
and 1943. After a thyroidectomy in 1940, hyperthyroid- 
ism recurred in 1945. When first seen, May 29, 1946, 
23 weeks after the beginning of pregnancy, she had a 
diffuse goiter, basal metabolism +24 per cent and SPI 
13.3y per cent. Her course beginning with this point is 
illustrated in Figure 5. She had a remission of symp- 
toms shortly after medication began and just after 
delivery, corresponding to the low SPI’s, but had a 
slight recurrence of thyrotoxicosis just before delivery 
and a more obvious one eight weeks after delivery. 

ST, born in 1918, developed hyperthyroidism in 1944. 
When first seen, May 8, 1947, taking probably 150 mg. 
of propylthiouracil and 15 drops of Lugol’s solution 
daily, her thyroid was moderately enlarged, but she 
had no signs of hyperthyroidism. SPI proved to be 
1.97 per cent. The course, beginning with this point, 
nine weeks before pregnancy, is illustrated in Figure 5. 





SERUM IODINE IN PREGNANCY WITH THYROID DISEASE 


With reduction of the dose of propylthiouracil SPI rose 
quite slowly at first, but between 11 and 16 weeks 
jumped from 4.9 to 9.27 per cent. Just before de- 
livery, the dose of propylthiouracil was increased be- 
cause of transitory equivocal symptoms of hyperthyroid- 
ism: palpitation and sweating, but no tachycardia, basal 
metabolism +5 per cent and SPI 8.37 per cent. With 
the SPI 20.67 per cent 12 weeks after delivery she was 
frankly hyperthyroid with pulse rate 102 and basal 
metabolism +55 per cent. The infant at birth had a 
large goiter. This will be discussed in another com- 
munication. 


The three cases in Figure 5 suggest again that 
the requirement for thio drugs, estimated by clin- 
ical criteria, diminishes, although SPI may rise, 
as pregnancy advances. They also suggest that 
SPI may rise higher in pregnancy and for a short 
interval after pregnancy than in the nonpregnant 
state, without evidence of hyperthyroidism. They 
also suggest that the hyperthyroid patient can 
tolerate higher values than the euthyroid sub- 
ject can during pregnancy. In case C38870 re- 
duction of thiourea from 75 to 25 mg. may have 
been unwarranted. Nevertheless, it resulted in 
no precipitate rise of SPI, but a gradual, symp- 
tomless ascent from 8.4 to 12.1 y per cent. Case 
B87633, on 15 mg. of thiourea daily, was not 
unquestionably euthyroid when SPI fluctuated be- 
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tween 13.3 and 10.2 y per cent; but, after the first 
observation, signs of hyperactivity were minimal. 
After delivery all three patients developed hyper- 
thyroidism, C38870 and B87633 without change 
of therapy, ST despite an increased dose of thio- 
urea. In B87/633 these symptoms were not as- 
sociated with a greatly elevated SPI, but in the 
other two patients they were. ST exhibited a 
sharp peak similar to those observed in B50050 
(Figure 2) and B35786 (Figure 3) at approxi- 
mately the same interval after delivery. ST, 
when first seen, was evidently approaching myx- 
edema. Reduction of the dose of propylthiouracil 
to 100 mg. raised SPI only to 4.9 y per cent in 15 
weeks. At the end of that time, however, it rose 
abruptly without change of therapy, behaving 
like that of a normal pregnant woman. 


88453, born in 1919, had a pregnancy in 1938. In 
1939 she noted increasing weight, puffiness of the eye- 
lids and legs, and increasing fatigue. When first seen 
on September 16, 1942, she presented classical signs of 
myxedema. SPI was 0.47 per cent, basal metabolism 
— 33 per cent and serum cholesterol 249 mg. per cent. 
On 0.12 gm. of thyroid daily her condition improved 
rapidly, SPI varying from 3.0 to 5.47 per cent, basal 
metabolism from — 14 to +7 per cent, in the next 15 
months. She became pregnant January 1, 1944. SPI 
11 weeks before this was 2.97 per cent. Her course, 
beginning with this point, is illustrated in Figure 6. 
Subsequent SPI’s in 1949, while she was still taking 
0.12 gin. of thyroid, were 3.0 and 3.47 per cent. Clini- 
cally she remained euthyroid throughout pregnancy on 
the same dose of thyroid that she took when not 
pregnant. 

C18328, born in 1922, in 1944 noted increasing weight, 
somnolence, lassitude, dry nails and brittle hair. In 
1945, 0.06 gm. of thyroid daily, given because her metab- 
olism was — 26 per cent, restored her to a normal state. 
When she stopped the thyroid that summer symptoms 
recurred, basal metabolism falling to —28 per cent. 
She was given 0.12 gm. of thyroid, which was increased 
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in March, 1946, to 0.15 gm. daily. When first seen on 
November 15, 1948, after the 12th week of pregnancy, 
she appeared normal in all respects, with SPI 5.47 per 
cent and basal metabolism —11 per cent. The record 
in Figure 6 begins with this point. 

Of the two cases illustrated in Figure 6, one, 
88453, had frank myxedema; the second probably 
had hypothyroidism. Unfortunately, the obser- 
vations on both, in and about pregnancy, are 
scanty. Case 88453 had extremely low SPI’s at 
15 and 17 weeks, 3.0 and 3.4 y per cent, respec- 
tively. This would seem to indicate that such 
values are not incompatible with completion of a 
normal pregnancy. She had, however, omitted 
thyroid for nine days before the first of these and 
had taken an inadequate dose in the interval of 
three weeks before the second. The two low val- 
ues may, therefore, represent a transitory drop. 
With resumption of a proper maintenance dose, 
SPI at the next observation was 5.1 y per cent 
and may have risen farther as pregnancy ad- 
vanced. Case C18328, when first seen in preg- 
nancy, had an SPI of 5.4y per cent that rose, 
at the end of eight weeks, without change of 
therapy, to 7.9y per cent. In the later part of 


pregnancy it had fallen to 5.0y per cent, al- 
though the dose of thyroid had been increased. 
Unfortunately, nce further observations were made 
until after delivery when, on the original dose of 


thyroid, SPI was 3.5y per cent. This patient 
was never seen when she was not taking thyroid. 
The story of her initial symptoms and her reac- 
tions to administration and withdrawal of thyroid 
seem characteristic of hypothyroidism. Never- 
theless, SPI was never subnormal. Furthermore, 
it rose spontaneously under the stimulus of preg- 
nancy, as it does in normal ersons, without 
change of therapy, and fell afte: delivery. Fi- 
nally, she was able after delivery to tolerate 0.24 
gm. of thyroid without clinical evidence of hyper- 
thyroidism, which is unusual for a hypothyroid 
subject. The effect of this dose on SPI was, un- 
fortunately, not ascertained. Even 88453, with 
indubitable hypothyroidism, seemed te be able to 
raise SPI under the stimulus of pregnancy. 
B90834, born in 1924, in 1940 was given up to 0.30 
gm. of thyroid daily for obesity. This dose was later 
reduced to 0.12 gm., and in 1945 discontinued entirely 
for eight months, without noticeable effects. Thyroid 
was again resumed in a dose of 0.09 gm. because the 
basal metabolism was — 16 per cent, with the idea that 
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it might promote conception. In 1947 she had a nor- 
mal delivery after an uneventful pregnancy. November 
3 of the same year her basal metabolism was — 17 per 
cent. December 23 thyroid was discontinued. January 
13, 1948, she had a prolonged menstrual period at the 
normal interval. Because a spontaneous abortion was 
suspected, she was ordered to resume 0.12 gm. of thy- 
roid daily, despite the absence of evidences of hypo- 
thyroidism. On several occasions after this, because 
of irregular bleeding, pregnancy was suspected, but the 
Ascheim-Zondek test remained consistently negative. 
March 3 the dose of thyroid was increased to 0.18 gm., 
but within a month was again reduced to 0.12 gm. and 
finally, on October 18, was stopped entirely. The in- 
terruption coincided with her last menstrual period. 
December 20, when the first SPI was 3.27 per cent, 
she had been pregnant for nine weeks and had been 
taking 0.12 gm. of thyroid for five weeks. The course, 
beginning with this point, is illustrated in Figure 7. 

C9888 was born in 1927. In 1940, because she lacked 
vigor, was somewhat somnolent and had oily skin, a 
basal metabolism was taken and found to be low. In 
1942 her condition appeared to improve when she took 
0.06 gm. of thyroid daily. In January, 1947, just before 
marriage, she discontinued medication with no other 
effect than slight retardation. January 22, 1948, she 
became pregnant. Her SPI two weeks earlier was 
4.27 per cent, basal metabolism —16 per cent. Her 
course, beginning with this point, is illustrated in Figure 
7. 

C27422, born in 1920, in 1947, because of lassitude, in- 
fertility and a basal metabolism of —23 per cent, was 
given 0.12 to 0.18 gm. of thyroid daily. She noticed little 
change in her symptoms, but her basal metabolism rose 
to —5 per cent, to fall again to — 17 per cent when she 
discontinued medication. She, therefore, resumed thy- 
roid, taking from 0.03 to 0.12 gm. daily. 

She became pregnant February 26, 1949. May 31, since 
she had no signs of thyroid disorder, the thyroid was dis- 
continued. June 27, because her basal metabolism was 
— 19 per cent, she was given 0.09 gm. of thyroid daily, 
which was progressively increased until on September 8 
it was 0.18 gm. September 26, at the end of 30 weeks 
of pregnancy, SPI was 7.3 7 per cent, pulse rate 72. The 
course, beginning with this point, is illustrated in Figure 


as 
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The three patients in Figure 7 at one time or an- 
other received thyroid for presumptive hypothy- 
roidism, although it is doubtful whether this diag- 
nosis was justified. SPI of B90834 and C9888, 
on moderate doses of thyroid, rose in the early 
months of pregnancy to concentrations of 5.6 to 
5.9 y per cent, slightly lower than those usual in 
pregnancy, falling in the later part of pregnancy 
without change of therapy. The course of C27422 
can not be distinguished in any respect from that 
of a normal pregnant woman. The trio empha- 
sized what was brought out in an earlier paper (3), 
the ability of the pregnant woman to dispose of 
thyroid hormone. 


A16616, born in 1907, on June 24, 1942, when she was 
six weeks pregnant, though free from symptoms, was 
found to have a palpable thyroid gland, slight exophthal- 
mos, a pulse rate of 92, basal metabolism +35 per cent 
and SPI 11.27 per cent. Her course, beginning at this 
point, is illustrated in Figure 8. She was followed alto- 
gether through three pregnancies and the intervals be- 
tween them, receiving variable, sometimes intermittent, 
doses of Lugol’s solution. Her course throughout re- 
sembled that of a normal woman. There were never 
clinical manifestations of hyperthyroidism and the pulse 
rate did not exceed 80. 

C15718, born in 1926, in 1945 noted enlargement of her 
thyroid gland. In 1946 she had a normal pregnancy. 
When seen September 2, 1948, she had a moderate, 
diffuse enlargement of the thyroid, rather dry hair, a pulse 
rate of 68, basal metabolism — 22 per cent, SPI 3.87 per 
cent and serum cholesterol 197 mg. per cent. Her course, 
beginning with this point, is illustrated in Figure 8. 
There was nothing unusual about her course until 14 
weeks after delivery when she was found to be gaining 
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Fic. 8. Tue Course or SPI or Two QUuESTIONABLY 
HyperTHyYroip PATIENTS DuRING PREGNANCY 
The general significance of the symbols is described in 
the legend to Figure 1. Case A16616 was followed 
through three pregnancies. The figures for therapy 
refer to drops of Lugol’s solution except at the end of 
the course of Case C15718 when thyroid was substituted. 
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weight rather rapidly, her pulse rate was only 52 and 
she complained of pains in the upper part of her chest and 
feeling bloated after meals. One month later her weight 
had increased further, her skin had become dry and her 
face and hands seemed puffy. Serum cholesterol proved 
to be 358 mg. per cent (unfortunately the tube containing 
the specimen for determination of SPI was broken). She 
was given at once 0.12 gm. of thyroid, which was in- 
creased to 0.18 gm. daily four weeks later, because her 
symptoms had not been entirely allayed. April 10, 1950, 
two months after the thyroid was begun, SPI was 6.3 ¥ 
per cent, serum cholesterol 135 mg. per cent, pulse rate 
70, weight normal, and she felt and appeared euthyroid. 


These two cases illustrated in Figure 8 are 
quite anomalous. There can be little doubt that 
A16616 had hyperthyroidism when she was first 
seen. Both SPI and evidences of hyperthyroidism 
subsided under the influence of Lugol’s solution 
alone. Thereafter she ran a clinically almost eu- 
thyroid course in and out of pregnancy, with and 
without Lugol’s solution in variable doses. On 
one occasion, after the third delivery, moderate 
signs of overactivity of the thyroid appeared with 
SPI 8.0 y per cent, while she was receiving 5 drops 
of Lugol’s solution daily. These subsided without 
change of therapy, SPI falling to 5.5y per cent, 
and subsequently to 3.4 y per cent while she was 
taking no medication. The basal metabolism also 
was most capricious, usually above normal, with 
no apparent relation to SPI or clinical condition. 
This is a most abnormal pattern of behavior. 
Whether it indicated fluctuant thyroid activity it 
is impossible to say. Whatever its significance 
may have been, in pregnancy SPI followed the 
course expected in a euthyroid subject. 

Case C15718 was given Lugol’s solution in be- 
half of a goiter only. Shortly thereafter, just be- 
fore pregnancy, SPI fell to 2.1 y per cent, a con- 
centration indicative of hypothyroidism. Never- 
theless, it rose in pregnancy and remained elevated 
until 14 weeks after a normal delivery, when she 
suddenly developed hypothyroidism. It is pos- 
sible that she was entering this state before preg- 
nancy. In this case it must be inferred that the 
stimulus of pregnancy was able to elicit a response 
from the failing gland. 


DISCUSSION 


Certain difficulties present themselves in the 
analysis of these data. Hyperthyroidism is in- 
herently a variable disease, marked by remissions 
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and exacerbations. In many instances there was 
no opportunity to observe the behavior of the pa- 
tients for extended periods outside of pregnancy. 
Sometimes only fragments of the courses during 
pregnancy could be studied. Often it was not 
feasible to make observations at frequent or con- 
sistent intervals. The most desirable intervals for 
observations, indeed, were not known. It has been 
pointed out that SPI fluctuates greatly during nor- 
mal pregnancy (3). It was impossible to follow 
any consistent course of therapy with justice to the 
patients ; the treatment had to be regulated in ac- 
cordance with the presumptive needs of each pa- 
tient. In the earlier phases of the study the pe- 
culiar behavior of SPI during pregnancy was 
unknown. Attempts were, therefore, made to keep 
SPI within normal, nonpregnant limits. These 
were, however, somewhat tempered by fear for the 
consequence to the fetus should thyroid function 
be too much depressed. Efforts to strike a golden 
mean were not entirely successful. Recognition of 
the facts about SPI in pregnancy only complicated 
the problem. The last purely objective measure of 
thyroid activity was removed. Both basal metab- 
olism and serum lipids are variously affected by 


pregnancy and are not, therefore, reliable indices 


of thyroid function in this state. Although both 
were measured at intervals, reliance had to be 
placed chiefly on clinical appraisal of the patients’ 
conditions. 

In spite of these difficulties the case material is 
large and varied enough to warrant some tentative 
deductions. In most instances SPI during preg- 
nancy in patients with thyroid disorders, as in 
euthyroid subjects, was greater than 6.0 y per cent. 
In some instances, usually as a result of treatment, 
it fell below 6.0 y per cent temporarily or did not 
reach this concentration until pregnancy had ad- 
vanced to 16 weeks. Occasionally it declined in 
the terminal weeks of pregnancy. In only two 
patients, B90834 and C9888 (Figure 7), did it re- 
main persistently below 6.0 y per cent, and in 
these two it was above 5.0y per cent until 33 
weeks. In general it tended to follow the course 
observed in normal pregnancy, rising in the course 
of the first 16 weeks, usually remaining elevated 
until delivery. The time of the initial rise varied 
from case to case and was frequently modified by 
treatment; but in cases with more than one preg- 
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nancy there was a definite tendency for the same 
pattern of behavior to recur despite variable treat- 
ment. 

In patients with active hyperthyroidism the SPI 
curves tended to lie at higher concentrations than 
the curves of euthyroid pregnant patients. Just 
as the latter tolerate in pregnancy concentrations 
of SPI that in nonpregnant women would be indic- 
ative of hyperthyroidism, so the hyperthyroid pa- 
tient appeared to tolerate still higher values with- 
out symptoms. It was not possible to demonstrate 
this in all the subjects because some, for example 
B50050, when not pregnant, on occasions had un- 
usually high SPI without hyperthyroidism, In the 
hyperthyroid subjects, however, this combination 
occurred with far greater frequency. Only two 
patients, C19922 and C24644, had symptoms sug- 
gestive of persistent hyperthyroidism during preg- 
nancy with SPI under 10 y per cent, and in these 
two the signs were equivocal. This does not imply 
that the tolerance of the hyperthyroid to high SPI 
is actually greater than that of the euthyroid sub- 
ject because the SPI of the latter is not easily 
raised to the concentrations encountered in the hy- 
perthyroid subjects. It merely indicates that in 
pregnancy higher SPI can be tolerated even if 
this arises from overactivity of the thyroid gland. 
This is circumstantial evidence that the increment 
in pregnancy is composed of thyroid hormone. 
The ability of the pregnant woman to dispose of 
exogenous hormone was demonstrated in the pre- 
ceding paper. It is also evident in the three pa- 
tients whose courses are shown in Figure 7. 

In those patients in which antithyroid treatment 
was kept unchanged or was reduced during preg- 
nancy, the course of SPI and symptoms, especially 
the latter, suggest that during pregnancy the re- 
quirement for antithyroid therapy diminishes. 
This might be interpreted as an indication that the 
tolerance for thyroid hormone is increased, a view 
that is in keeping with the traditional concept that 
the activity of the thyroid gland increases during 
pregnancy. , 

A further indication that the tolerance for thy- 
roid is increased and the need for therapy dimin- 
ished during pregnancy is found in the sudden rises 
of SPI associated with outbursts of hyperthyroid- 
ism encountered after delivery in a large propor- 
tion of the cases, especially the flagrant outbursts 
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associated with high peaks of SPI. These were 
encountered on four occasions in nine patients 
with definite hyperthyroidism. The three patients 
in whom they occurred were all followed for long 
periods without other similar incidents. All the 
peaks were noted within the narrow interval of 
10 to 12 weeks after delivery . Since they appeared 
to be wholly or partly self-terminative and of 
short duration, they might have been discovered 
more often if observations postpartum had been 
made with greater frequency. Lesser rises of 
SPI associated with hyperthyroidism were noted 
after delivery in several other instances. These 
rises associated with hyperthyroidism differ from 
the persistently high values immediately after de- 
livery, which are symptomless. SPI does not al- 
ways fall immediately after delivery in hyperthy- 
roid patients any more than it does in normal sub- 
jects (3); but may stay elevated for some time. 
These elevations, like those after normal preg- 
nancy, are not associated with signs of hyperthy- 
roidism. The tolerance to SPI is not coterminal 
with pregnancy but outlasts it by an appreciable in- 
terval. Both tolerance and interval may be greater 


in the thyroid patient. But, if the rise persists be- 
yond a certain time, symptoms appear. The SPI 
of C38870 (Figure 5), for instance, rose to 15.9 y 
per cent 11 days after delivery without evidences 
of hyperthyroidism, but six weeks later with the 
same concentration of SPI she had distinct 


symptoms. 

The tendency for SPI to rise during pregnancy 
was evident even in the patients with hypothyroid- 
ism. This might suggest that the high SPI signi- 
fied not increased secretion and utilization, but 
some block to the utilization of thyroid hormone. 
This interpretation appears unlikely, first of all 
because of the tolerance for exogenous thyroid 
evinced by euthyroid pregnant women (3). The 
lesser need for antithyroid therapy would also ar- 
gue against such an hypcthesis, unless it be also 
presumed that the secretory activity of the thyroid 
is decreased during pregnancy, which would make 
it difficult to explain the high values of SPI. The 
rises after delivery would be equally unaccountable 
on this basis. It would also be necessary on the 
diminished utilization theory to hypothesize that 
the tissues required less thyroid during pregnancy, 
else the hypothyroid patients should have sunk 
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into myxedema as SPI rose. The SPI of case 
B82863 (Figure 1) shot up with the appearance of 
active hyperthyroidism after propylthiouracil had 
been discontinued for only two weeks, descending 
with equal speed when the previous dose of drug 
had been resumed. This rapid reaction indicates 
that secretion, utilization and sensitivity are all 
active. It has been remarked that in the authentic 
hypothyroid, 88453 (Figure 6), the low SPI found 
at 15 weeks followed abstention from medication 
for only one week. If it be assumed that it had 
previously been as high as it later was on the origi- 
nal dose of 0.12 gm., this would suggest an un- 
usually rapid deterioration. C18328, in the same 
figure, appeared to utilize increasing amounts of 
thyroid in the later part of pregnancy. It is prob- 
able that clinical hypothyroidism in many cases is 
not a total, but a partial, deficiency. In some cases, 
indeed, it may represent only the absence of the 
normal stimulus to thyroid activity. It is con- 
ceivable that the stimulus of pregnancy may break 
down this inhibition or arouse the residual thyroid 
tissue to activity. In this connection the response 
of C15718 (Figure 8) is most suggestive. 

In the preceding paper (3) it was pointed out 
that the SPI’s of women receiving exogenous thy- 
roid could remain low without compromising 
pregnancy. In the present series persistently low 
SPI was encountered only in patients who were 
receiving exogenous thyroid. 

The argument thus far has presupposed that the 
increment of SPI in pregnancy is of the same com- 
position as the preexisting SPI, chiefly thyroid 
hormone. This presumption is open to challenge. 
Danowski and associates (5) found that extraction 
of the serum with butanol by the method of Taurog 
and Chaikoff (6) yielded values in pregnancy 
that did not differ from SPI more than the values 
by the two methods differed in the sera of normal 
individuals. Similar results have been obtained by 
us in a number of sera (7). In this respect, at 
least the increment in pregnancy behaves like thy- 
roxine. In addition, the reaction of euthyroid 
pregnant women to thyroid and the behavior of 
the patients with thyroid disorders presented in 
this paper are more easily explained on the hy- 
pothesis that the increment of SPI does consist of 
thyroid hormone. 
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SUMMARY AND CONCLUSIONS 


The clinical course and the SPI during preg- 
nancies of 16 patients with disorders of thyroid 
function have been analyzed. Treatment was lim- 
ited to the use of thiourea, propylthiouracil, Lu- 
gol’s solution and dried thyroid. The hyperthy- 
roid patients became and remained euthyroid with 
concentrations of SPI characteristic of normal 
pregnancy, distinctly above those of normal non- 
pregnant women. There is some evidence that 
they were able to tolerate in pregnancy concentra- 
tions greater than 10 y per cent, the highest value 
observed in euthyroid pregnant subjects. The data 
suggest that the requirements for antithyroid 
drugs may diminish during pregnancy and in- 
crease after delivery. 

The implications of these phenomena with re- 
spect to the nature and significance of the high 
SPI of pregnancy are discussed. 
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Hypoferremia is one of the most consistent fea- 
tures of the anemia associated with chronic infec- 
tions in man (1). By what mechanism infection 
produces hypoferremia is not known. It has been 
reported previously that in dogs an acute, transient, 
hypoferremia of pronounced degree develops fol- 
lowing the experimental production of an infected 
(staphylococcus) or a sterile (turpentine) intra- 
muscular abscess (2). Since sterile abscesses pro- 
duce hypoferremia, it is evident that bacteria and 
their products are not essential for the reaction. 
It has, furthermore, been possible to demonstrate 
that in dogs the intravenous injection of colloidal 
thorium dioxide is associated with a pronounced 
hyperferremia and that following the injection of 
thorium the hypoferremia-producing effect of tur- 
pentine does not develop (3). It would appear, 
therefore, that in infection the reticulo-endothelial 
system is stimulated to store iron. 

By the use of intravenously injected radioactive 
iron, it has been shown that the utilization of iron 
for hemoglobin synthesis is impaired in the pres- 
ence of infection (4, 5). Furthermore, the ad- 
ministration of extremely large amounts of iron 
intravenously in man fails to relieve the anemia 
and the hypoferremia persists (6). There is a 
reduced uptake of iron by the heme of the red blood 
corpuscles and the iron is diverted mainly to the 
liver and spleen (7). This would seem to indicate 
that whatever the mechanism whereby the low 
level of iron in the plasma is produced, it is ex- 
tremely powerful and cannot be easily overcome. 

The purpose of the experiments reported here 
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was to study further the mechanism by which in- 
flammation produces hypoferremia in dogs. 


METHODS 


In these studies approximately 200 male and female 
mongrel dogs weighing between 10 and 15 kg. were used. 
Of these 65 were adrenalectomized. The animals were 
fed Purina Dog Chow and allowed water ad libitum ex- 
cept during the experimental procedures, at which time 
they were fasted. 

Adrenalectomies were performed in one stage. The 
dogs were anesthetized with 5 per cent nembutal intra- 
venously, and the adrenal glands were exposed and re- 
moved through the transabdominal approach. Sterile 
precautions were used throughout the procedure. 

At the beginning of the operation the dogs were given 
an intramuscular injection of 5 ml. of aqueous or 0.5 ml. 
of lipo-adrenal cortical extract, and a similar dose was 
given on its completion. Desoxycorticosterone acetate 
was found to be of little supportive value at this stage and 
dogs supported with this steroid during the operative 
procedure invariably failed to survive adrenalectomy. 
During the operation the animals received an intra- 
venous infusion of 250-500 ml. of 5 per cent dextrose in 
normal saline. Dogs of medium size survived adrenalec- 
tomy best. For the first three days following the opera- 
tion, the dogs were given 0.5 to 1 ml. of lipo-adrenal or 
5 ml. of aqueous adrenal cortical extract intramuscularly 
daily. After this they were given 0.5 ml. of lipo-adrenal 
cortical extract every two or three days. No extract was 
given for at least 48 hours before the start of an experi- 
mental procedure. At one period during these experi- 
ments, the supply of adrenal cortical extract was limited 
and the dogs were maintained postoperatively on 1 mg. 
desoxycorticosteron> acetate intramuscularly every day. 

For the first week postoperatively the dogs were fed 
a diet of rolled oats to which sodium chloride, sucrose 
and milk were added. Thereafter, they were given a 
Purina Dog Chow diet with a 0.9 per cent solution of 
sodium chloride to drink. 

All glassware used for the collection of blood samples 
and for the determination of plasma iron was carefully 
cleansed with acid and washed three times with water 
double distilled in an all glass distillation apparatus. Ve- 
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nous blood samples were drawn into all glass syringes and 
placed in 15 ml. centrifuge tubes to which two drops of 
20 per cent potassium oxalate had been added previously. 
The plasma was then separated by centrifugation and the 
iron estimation made by a modification (8) of the method 
of Barkan and Walker (9), the Beckman spectrophotom- 
eter being used. 

To estimate the errors introduced by differences in 
venipuncture samples, the handling of the blood and the 
iron estimations themselves, four consecutive samples 
were drawn in four separate venipunctures from each of 
five dogs. The time which elapsed from the taking of 
the first sample and the last did not exceed five minutes. 
Dogs with a wide range of plasma iron levels were chosen 
for this experiment to see if the level affected the degree 
of variability within a single dog. Table I gives the re- 
sults obtained. The standard error of a single determina- 
tion was calculated for these results 


(sp. =" [2 — x) 
n-1 


and was found to be + 3.7 ug. per cent. 

In the earlier experiments, samples were taken for iron 
estimation immediately before an experimental proce- 
dure and at intervals throughout the 24 hour period. 
Additional samples were then taken at 48, 72 and 96 hours. 
In subsequent experiments samples for iron determinations 
were restricted to one immediately before an experimental 
procedure and one at six, eight and 24 hours following 
this. Portions of these samples, collected in a mixture of 
ammonium and potassium oxalate, were-used for the de- 
termination of the volume of packed red blood cells and 
for cell counts. Total leukocyte counts, differential blood 
cell counts and absolute eosinophil counts were made im- 
mediately before an experimental procedure and at two, 
four and six hours following it. These were carried out 
in the hope that they might serve as indices of adreno- 
cortical activity (10-12). Total white and differential 
blood cell counts were carried out by routine methods. 
The differential cell determinations were made on dupli- 
cate cover slip preparations. 200-500 cells were examined 
for each count. Absolute eosinophil counts were made 
by the phloxine propylene glycol method (13). Dupli- 
cate counts were made in 16 squares of a Fuchs’ Rosen- 
thal counting chamber of 0.2 mm. depth. 


TABLE I 


Variations in the plasma iron in four consecutive samples 
from five dogs 
Values are in yg. per cent 
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TABLE II 


Variations in the total white blood cell counts per c.mm. in 
four consecutive samples from six dogs 








Dog number 





1 3 6 


8,350 
9,000 
9,250 
7,450 





13,400 
14,000 
13,900 
14,250 


23,100 
23,750 
23,300 
25,300 











To determine the variations which might be attributed 
to technical factors in making the absolute white cell and 
eosinophil counts, four consecutive samples were drawn 
into double oxalate with four separate venipunctures from 
each of six dogs. The time which elapsed from the tak- 
ing of the first sample and the final one did not exceed 
five minutes. The results obtained are given in Tables 
II and III. 

It is obviously not possible to compare absolute values 
for white blood cell counts of one animal with those of 
another. However, if the changes are expressed in pro- 
portion to the original count, it is possible to compare 
these percentage changes from animal to animal. The 
standard error of a single determination of the total 
white blood cell count has been calculated from the data 
in Table II and found to be + 9.1 per cent. 

The standard error of a single determination of the 
absolute eosinophil count, calculated from the results in 
Table III gives a value + 10.3 per cent. 

In the differential cell count the white blood cells were 
divided into four types: polymorphonuclear cells, eosino- 
phils, lymphocytes and monocytes. The absolute number 
of each type of cell was determined by multiplying the per 
cent of each cell in the differential count by the total 
number of white blood cells. The absolute numbers of 
each type of cell subsequent to an experimental procedure 
were then expressed as a percentage of the initial level. 
The observed changes in the monocyte counts appeared 
to have no definite trend and these have been excluded 
from the results. 

All data have been treated statistically where possible. 
The standard error of the mean has been calculated and 
is given with mean values. The t test has’ been used to 
estimate the significance of differences between groups. 


TABLE III 


Variations in the absolute eosinophil counts per c.mm. in 
four consecutive samples from six dogs 








Dog number 





Dog number 
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RESULTS 
Studies in Intact Dogs 


The effect of taking blood samples and of a single 
injection of normal saline on the plasma iron. To 
evaluate the part played by the taking of blood 
samples on variations of the plasma iron, and also 
to measure the variations with the time of day, 
five dogs were bled at regular intervals during the 
day and three dogs were given 5.0 ml. saline intra- 
muscularly and also bled after the initial sample 
had been drawn (Figures 1 and 2). There was 
no difference in the variations observed in those 
dogs which received no treatment and in those 
which received the injection of saline. Both groups 
may therefore be considered as belonging to the 
same population. In seven dogs there was some 
lowering of the plasma iron level between six and 
eight hours after the initial sample, the mean per 
cent decrease for the group being 24+6. The 
iron level of one dog rose during the day. The 
levels of all eight dogs returned to their initial 
value at the end of 24 hours. It is interesting to 
note (Figure 1) that the per cent decrease in the 
plasma iron of four dogs was approximately 50 
and that in the other four the range was from 0 
to — 17, the latter values being for the most part 
within the variations to be expected with the ex- 
perimental methods used. This point and the cor- 
relation between these changes and those observed 


TURPENTINE TURPENTINE HISTAMINE EPINEPHRINE A.C.E 
é tm 0.5 mi. 25mg. 2 mg. 


5 


~~ «= 
ooo 8 
| a BOR 


% OECREASE IN PLASMA IRON 
o o~ oo Ww a we 
S$Ssso 388 















































=] 
> 





HOURS AFTER 
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Each point represents the maximal decrease in the 
plasma iron of a single dog. 
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in the cellular elements of the blood will be dealt 
with in greater detail in the discussion. 

The effect of turpentine on the plasma iron. In 
earlier studies it was shown that the intramuscular 
injection of 5 or 10 ml. of turpentine (rectified oil 
of turpentine, Rexall, USP) was followed by 
characteristic changes in the plasma iron (2, 3). 
The level of iron was significantly lowered in 24 
hours and reached its lowest values within 24 to 
48 hours, the mean per cent decrease being 78 + 3. 
This hypoferremic phase was followed by a hyper- 
ferremic phase of brief duration, after which the 
plasma iron returned to normal. Similar results 
have been obtained in this investigation following 
the injection of 1.0 ml. (in seven dogs) and 0.5 ml. 
(in 11 dogs) of turpentine. After 24 hours these 
amounts produced mean decreases in the plasma 
iron level of 82 + 5 and 65 + 4 per cent, respec- 
tively (Table IV). The percentage decrease fol- 
lowing the injection of 1.0 ml. and of 0.5 ml. of 
turpentine for each individual dog is plotted in 
Figure 1. 

The effect of histamine on the plasma iron. A 
single intramuscular injection of 25 mg. of hista- 
mine in aqueous solution was associated with 
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TABLE IV 


The hypoferremic effect of a variety of agents in intact and adrenalectomized dogs 








Initial P.I. 

. per cent 
Substance me. ? 
injected 


Lowest subsequent 
1. wg. per cent 


Time 
after 
injection 


Decrease in P.I. 


Per cent decrease 
we. per cent in P.I. 





S.E. Range 


102-234] 55 
103-195} 72 


Mean 





Histamine Intact +17 
5 mg. 
Adrenal 
cortical 
extract 
Turpentine 
5.0 ml. 
Turpentine 
1.0 ml. 
Turpentine 
0.5 ml. 
Turpentine 
0.5 ml. 
Epinephrine 
2.0 mg. 
ACTH 
25 mg. 
Saline 
5.0 ml. 
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changes in the plasma iron similar to those which 
followed the injection of turpentine. They dif- 
fered from those which followed turpentine in that 
the maximum hypoferremia occurred within six 
to eight hours instead of 24 to 48; at 24 hours af- 
ter histamine injection the iron level returned to 
its previous level or was in the brief hyperfer- 
remic phase. The mean per cent decrease in the 
plasma iron of seven dogs at six to eight hours 
after histamine injection was 61 + 8 (Table IV). 
Figure 2 is a representative example of the change 
in the plasma iron level following the injection of 
histamine while the decreases for each individual 
dog are given in Figure 1. 

Repeated intramuscular injections of 20 mg. of 
histamine in aqueous solution were given to two 
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dogs over three days. Both dogs received an in- 
jection of histamine at 9:00 a.m. and at 4:00 p.m. 
on each of three days. The first injection of 
histamine was followed by a marked decrease in the 
plasma iron level of the two dogs. Twenty-four 
hours after the initial injection of histamine the 
level showed a tendency to revert to its previous 
value. The level of iron at 48 hours, with the one 
exception, remained lower than the value prior 
to the first injection of histamine. At 65 hours 
after the last injection the levels of iron in both 
dogs were considerably greater than the initial 
values and reverted to the initial levels some 24 to 
48 hours later. These results are shown in Figure 
3. During the period of the repeated injections of 
histamine the volume of packed red cells of both 
dogs remained constant. 

The effect of epinephrine on the plasma iron. 
A single intramuscular injection of 2.0 ml. of 
1: 1,000 epinephrine in aqueous solution to 10 dogs 
and of 2.0 ml. of 1: 500 epinephrine in oil to eight 
dogs was followed by a hypoferremia similar to 
that resulting froma histamine (Figure 2). Maxi- 
mal hypoferremia occurred between six and eight 
hours after the injection. The plasma iron after 
24 hours returned to its pre-injection level or 
higher. There was no difference in the time, and 
no correlation between the extent of the alteration 
of the plasma iron produced by the two doses and 
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the preparations of epinephrine used. The mean 
per cent decrease in the plasma iron level was 53 + 
3 (Table IV). The decrease for each dog is 
plotted in Figure 1. 

The effect of anaphylactic shock on the plasma 
iron. The single intravenous injection of 10 ml. 
of horse serum to a dog, which two weeks pre- 
viously had received 10 ml. of horse serum intra- 
venously, was followed by a 20 per cent decrease 
in the plasma iron at seven hours. The plasma 
iron level returned to its pre-injection level within 
48 hours. Within a few minutes after the injec- 
tion of the horse serum the dog showed consider- 
able reaction including urination and defecation. 
Fourteen days later a second intravenous injec- 
tion of 10 ml. of horse serum was given to the 
same dog. This was followed by a severe reaction, 
and seven hours later the plasma iron decreased 
58 per cent below its initial level. At 24 to 48 
hours the concentration of plasma iron had re- 
turned toward the pre-injection level. Seven 
weeks later the same dog was given a third in- 
travenous injection of 10 ml. horse serum. This 
time the dog showed only a slight reaction but 
seven hours following the injection the level of 
iron had decreased 80 per cent, to return to its 
pre-injection level at 48 hours. The effects of 
the three injections of horse serum are shown in 
Figure 4. 

The effect of fracture of the femur on the plasma 
iron. Two dogs were anesthetized with 5.0 per 
cent sodium pentobarbital. It had been found in 
nine dogs that sodium pentobarbital anesthesia 
had an effect on the plasma iron identical with that 
of mild stress or the intramuscular injection of 
saline, the mean per cent decrease at six to eight 
hours being 22+ 10. Following fracture of the 
femur under anesthesia, the plasma iron level de- 


plasma iron. 
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creased 39 and 33 per cent, respectively, in the two 
dogs at seven hours but maximal hypoferremia oc- 
curred at 24 hours, at which time the decrease was 
75 and 46 per cent, respectively. The level of 
plasma iron then rose again at 48 hours and at 72 
hours was approaching its pre-fracture level (Fig- 
ure 5). Thus in their temporal relationships the 
alterations in the plasma iron level produced by 
fracture resemble those produced by turpentine, 
rather than those produced by histamine, epineph- 
rine or mild stress. 

The effect of miscellaneous “stresses” on the 
plasma iron. The single intramuscular injection 
of 5 ml. of formaldehyde in one dog was followed 
in seven hours by a 46 per cent decrease in the 
plasma iron level. Four dogs were kept for eight 
hours at — 20° C. The stress of cold had no con- 
sistent effect on the level of plasma iron. 

The effect of adrenal cortical extract on the 
Five dogs were given single injec- 
tions of adrenal cortical extract. Two received 30 
ml. of lipo-adrenal and one 60 ml. of aqueous 
adrenal cortical extract intramuscularly. The re- 
maining two received 40 ml. and 120 ml. of aqueous 
adrenal cortical extract intraperitoneally, the al- 
cohol having been removed previously. The vari- 
ations in the doses and routes of administration 
used did not produce discernible differences in 
the variations in the plasma iron level. As with 
histamine and epinephrine maximum hypoferre- 
mia occurred between six and eight hours after 
the injection, the mean per cent decrease for the 
five dogs being 50 + 5 (Table IV). The level of 
iron returned to its previous value or higher at 24 
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hours. A typical response is shown in Figure 2 
and the individual decreases for the five dogs are 
plotted in Figure 1. 

The effect of adrenocorticotrophic hormone 
(ACTH) on the plasma iron. A single injection 
of ACTH was given to five dogs. Of these, two 
received the injection intramuscularly and three 
intravenously. The dose for all five was equivalent 
to 25 mg. of Armour’s standard (LA-1-A) dis- 
solved in 5 ml. normal saline. An additional two 
dogs were given a dose equivalent to 60 mg. of 
Armour’s standard (LA-1-A) given intravenously 
in five divided doses at 30 minute intervals for 
two hours. The changes in the plasma iron level 
were similar for all seven dogs and they will be 
considered as a group. There was a maximal drop 
in the plasma iron of all dogs between six and eight 
hours after the last injection of ACTH, the mean 
per cent decrease being 47 + 7 (Figure 1). This 
was followed, as with histamine, epinephrine and 
adrenal cortical extract, by a return of the iron to 
its pre-injection level or to a slightly higher level 
after 24 hours (Figure 2). 

The effect of Dibenamine (N, N-Dibenzyl-B- 
Chloroethyl-Amine-Hydrochloride) on the plasma 
iron. Three dogs were given a single intravenous 
injection of 20 mg. per kg. of body’ weight of Di- 
benamine in 30 ml. of 0.9 per cent solution of so- 
dium chloride. The animals showed signs of cen- 
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tral excitation with tremors and vomiting within 
30 minutes. Another three dogs received the same 
dose of Dibenamine in a 200 ml. infusion of 0.9 per 
cent solution of sodium chloride over 10 minutes 
and showed some excitation but this had no un- 
toward results. The effects of the injection of Di- 
benamine on the level of plasma iron were identical 
for both groups. Within one hour following the 
injection, the level of the plasma iron began to rise 
and a maximum increase was reached at approxi- 
mately two hours after the injection of the drug, 
the mean per cent increase over the initial iron 
level being 59 + 4. At six hours following the in- 
jection the level of iron had fallen towards the pre- 
injection level and at eight hours it was below this 
level, with a mean per cent decrease of 30 + 3. 
At 24 hours the hypoferremia was maximal, the 
mean per cent decrease from the initial iron level 
being 60 + 5; this was followed by a return to- 
wards the control level at 48 hours. These re- 
sults are shown in Figure 6. 

Following the intravenous administration of 5 
mg. per kg. of body weight of Dibenamine in 200 
ml. of 0.9 per cent solution of sodium chloride to 
three dogs there were no demonstrable signs of 
central excitation. The plasma iron level rose in 
all three dogs within the first two hours following 
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the injection but the hypoferremic phase which 
usually took place between six and eight hours 
after stress occurred only in one dog, the other 
two showing moderate hypoferremia at the 24 
hour period (Figure 7). The differences in the 
variations in the plasma iron level produced by the 
two doses of Dibenamine will be correlated with 
the changes noted in the cells. The significance of 
this correlation is considered in the discussion. 
The effect of epinephrine following the adminis- 
tration of Dibenamine on the plasma iron level. 
A single intramuscular injection of 2 mg. of epi- 
nephrine in aqueous solution was given to six 
dogs. Three of these had previously received 20 
mg. per kg. of body weight of Dibenamine, while 
the other three received 5 mg. per kg. of body 
weight of Dibenamine. The epinephrine was given 
to one dog from each dosage group at 24, 48 and 
72 hours after the administration of Dibenamine. 
In all six dogs the injection of epinephrine was 
followed by a decrease in the plasma iron level 
which was maximal between, six and eight hours 
after the injections. At 24 hours the iron level 
showed a tendency to revert to its pre-injection 
value (Figure 8). The mean per cent decrease 
in the plasma iron below the initial levels was 
61+ 5. This is very similar to the decrease fol- 
lowing the injection of epinephrine in otherwise 
untreated intact dogs. Thus Dibenamine failed to 
block the hypoferremic effect of epinephrine. 
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Studies in Adrenalectomized Dogs 


The effect of adrenalectomy on the plasma tron 
level. A minimum of one week was allowed to 
elapse following adrenalectomy before a dog was 
used in an experiment. The mean initial plasma 
iron levels were all lower in the adrenalectomized 
group than in the corresponding intact group 
(Table IV). However, in only one group was 
the decrease significant and this was in the mildly 
stressed group (P = < .001). The dogs in this 
group were maintained largely on desoxycorti- 
costerone acetate and not on adrenal cortical 
extract. 

This tendency to a lowering of the plasma iron 
level following adrenalectomy would have been 
more marked if several adrenalectomized dogs, 
whose pre-injection plasma iron levels were very 
low, had not been excluded from the results in 
order that the initial iron levels of intact and 
adrenalectomized groups might be more compar- 
able. 

The effect of mild stress on the plasma iron. 
Samples were taken from three adrenalectomized 
dogs at regular intervals throughout the day and 
eight adrenalectomized dogs were given 5 ml. of 
0.9 per cent sodium chloride solution intramuscu- 
larly. The effect on the plasma iron level of all 
dogs was identical and, in contrast to the changes 
noted in intact dogs, the plasma iron levels showed 
no significant change (Figure 9). The maximum 
mean per cent decrease noted was 5 + 3 which is 
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within the experimental error of the methods used. 
There was a significant difference between the in- 
tact and adrenalectomized dogs in the decrease in 
plasma iron in yg. per cent (P = < .001) and in 
the percentage decrease in the plasma iron follow- 
ing mild stress (P = < .01). Thus adrenalectomy 
abolished the hypoferremic effect of mild stress. 

The effect of turpentine on the plasma tron. 
The intramuscular injection of 1 ml. of turpentine 
in two adrenalectomized dogs resulted in their 
death within six hours. The dose was therefore 
reduced to 0.5 ml. Five dogs survived this dose 
until eight hours after the injection but only two 
survived for 24 hours. Of these two survivors, 
the iron level of one showed a 48 per cent decrease 
from its pre-injection value, and the level of the 
other showed no change. The latter is the only 
dog in our series in which the intramuscular in- 
jection of turpentine did not produce hypofer- 
remia (Figure 10). An additional adrenalecto- 
mized dog was given a single injection of 0.5 ml. 
of turpentine, this animal being supported through- 
out the 24 hour period with three intramuscular in- 
jections of 5 ml. of aqueous adrenal cortical ex- 
tract. We had previously found, in two intact 
dogs, that the single intramuscular injection of 25 
ml. of aqueous adrenal cortical extract was not 
sufficient to cause a lowering of the plasma iron. 
In this dog the injection of turpentine was fol- 
lowed by a fall in the plasma iron level at 24 hours, 
comparable with the mean per cent decrease ob- 
tained in the intact dogs. These results are shown 
in Figure 10. 

It can be seen from the scatter diagram in Fig- 
ure 9 that there was no significant difference be- 
tween the level of the plasma iron of intact and 
adrenalectomized dogs at eight hours following 
the injection of turpentine. It should be noted 
that maximum hypoferremia with turpentine does 
not occur until 24 hours after its injection. 

The effect of adrenocorticotrophic hormone on 
the plasma iron. A single intramuscular injection 
of 25 mg. ACTH in 5 ml. of 0.9 per cent solution 
of sodium chloride to six dogs was not followed 
by any significant change in the plasma iron level 
(Figure 9). The maximum mean per cent de- 
crease was 10+ 3 which again was within the 
experimental error of the methods used. There 
was a significant difference between the intact and 
adrenalectomized dogs in the decrease in the plasma 
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iron expressed in pg. per cent (P = .01) and in 
the percentage decrease in the plasma iron follow- 
ing ACTH (P = < .001). Thus ACTH had no 
hypoferremic effect in the absence of the adrenal 
glands. 

The effect of epinephrine on the plasma tron. 
A single injection of 2 mg. of epinephrine in 
aqueous solution was given intramuscularly to 
nine adrenalectomized dogs. Following the in- 
jection of epinephrine there was a decrease in the 
level of plasma iron which was maximal between 
six and eight hours and returned to its pre-injec- 
tion level within 24 hours. The mean per cent 
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The changes in the plasma iron of an adrenalectomized 
dog which survived the intramuscular injection of 0.5 ml. 
of turpentine and of another adrenalectomized dog which 
was supported with 15 ml. of adrenal cortical extract 
during this period are also shown. 


decrease in plasma iron for the group was 26 + 6 
(Table IV). This decrease was significantly dif- 
ferent from that obtained in the intact dog follow- 


ing epinephrine (P = < .001). This decrease 
was also significantly different from the effect of 
mild stress and saline in the adrenalectomized dogs 
(P =< .01). Thus epinephrine produced a sig- 
nificant hypoferremia in the absence of the adrenal 
cortex, but this was significantly less than that 
which was obtained in the intact dog. This is 
shown in Figure 9. 

The effect of adrenocorticotrophic hormone, col- 
loidal thorium dioxide and adrenalectomy on the 
rate of the removal of colloidal saccharated oxide 
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of iron from the plasma. An intravenous injection 
of saccharated oxide of iron (SKF brand) equiva- 
lent to 10 mg. of elemental iron per kg. of body 
weight was given to four groups of dogs. These 
consisted of an intact untreated group of four dogs ; 
an intact group of four dogs given 10 mg. ACTH 
before the injection of the iron and at 6, 12, 24, 30 
and 36 hours following its administration; an 
adrenalectomized group of three dogs; and an in- 
tact group of four dogs which had received intra- 
venous injections of 2 ml. per kg. of body weight 
of colloidal thorium dioxide (Thorotrast, Heyden 
Company, New York City) for three consecutive 
days, the iron being given 24 hours after the last 
injection of the thorium. Blood samples for the 
estimation of plasma iron were drawn immediately 
before the injections of the intravenous iron and at 
10 minutes, 8, 24, 48, 72 and 96 hours following it. 


TABLE V 


White blood cell counts per c.mm. in intact and 
adrenalectomized dogs 








Intact Adrenalectomized 





vy Mean + S.D. =e Mean + S.D. 
Total 64 |12,940+3,600| 24 /|12,800+3,900 
Neutrophils 59 | 9,300+3,000|} 24 | 8,000+2,650} 
Lymphocytes} 59 | 2,528+1,160} 24 | 3,100+1,460 




















In the four groups of dogs the iron was re- 
moved most rapidly from the plasma of the dogs 
given injections of ACTH and most slowly from 
the plasma of the adrenalectomized dogs. The 
rate of disappearance of iron from the plasma of 
the intact untreated dogs fell between these two 
groups, and that from the plasma of the dogs pre- 
viously given thorium dioxide came between the 
rate of disappearance of iron from the intact un- 
treated controls and the adrenalectomized dogs. 
These results are shown in Figure 11. 

Four days after the administration of the sac- 
charated oxide of iron, the intact dogs previously 
given thorium dioxide, were given a single intra- 
muscular injection of 25 mg. of histamine. The 
mean per cent decrease in the plasma iron was 
16 + 10 which was significantly different from the 
61 +8 per cent decrease obtained following the 
injection of histamine in intact untreated dogs 
(P=< 01). 


Studies on the Leukocytes of Intact and Adrenal- 
ectomized Dogs Before and After the In- 
jection of Various Substances 

The mean cell counts in intact and adrenalecto- 
mized dogs before they were subjected to any ex- 
perimental procedures are summarized in Table V. 


TABLE VI 


Maximum per cent changes in the level of the white blood cells following the injection 
of a variety of agents in intact and adrenalectomized dogs 








Substance No. of 


WBC PMN 


Eosinophils Lymphocytes 





Group 


injected dogs 
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Mean+S.E.} Range |Mean+S.E.| Range |Mean+5S.E. Range Mean +S.E. Range 


Turpentine Intact. 10 +60 +13 9-127 | + 83 +16) 38-187 | —81 +6 e+ —42 +6 (0)—( —69) 
0.5 ml. Adect. 4 +32 +11 3-56 + 58 +14] 17-78 —38 +7 (—21)-(—51) +15 +26 (+81)-( —28) 





Epinephrine Intact. 5 +74 417 | 32-118 | +125 426) 60-194 | —80 +10 re we a —62 +6 St) a —81) 
Adect. 6 0-28 + 21 


+15 +4 +4 6-34 +19 +10 +97)-( —43) +33 +29 | (+136)-(-—55) 


ACTH Intact. 10 +58 +9 0-104 | +103 +6 | 11-193 | —84 +6 (—37)-( —100) | —30 +7 (0)-( —63) 
25 mg. Adect. 6 +35 +15 4-90 + 37 415} 2-100 | +50 +23 | (+134)-( —40) +21 426 | (+131)-(—48) 


Saline Inact. 10 +29 +10 0-94 + 41410) 5-111 | —30 +10 (0)-( —77) —21 +5 (—1)-( —46) 
5.0 ml. Adect. 6 +24 +13 0-75 + 23 +12} 0-79 +30 +32 | (+140)-( —67) +36 +21 (+97)-( —27) 


2.0 mg. 
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The figures for the intact dog are in close agree- 
ment with those given by Gardner (14) in her 
most comprehensive review of the literature on 
the blood picture in the dog. 

There was no difference between the total leu- 
kocyte count of intact as compared with adrenalec- 
tomized dogs. There was a tendency for the 
lymphocytes to be increased (P = < .2) and for 
the polymorphonuclear cells to be decreased (P = 
< .5) in the adrenalectomized dogs although these 
differences were not statistically significant. 

The maximum percentage changes noted in the 
leukocytes following the intramuscular injection of 
turpentine, epinephrine, ACTH and saline in both 
intact and adrenalectomized dogs are summarized 
in Table VI. 

Following the injection of turpentine, epineph- 
rine and ACTH into intact dogs there was a rise 
in the total white blood cell and polymorphonuclear 
cell counts (maximal at six hours, following the 
injection) and a significant decrease in the eosino- 
phils (maximal at six hours) and in the lympho- 
cytes (maximal at four hours). Following the 
injection of these agents in adrenalectomized dogs 
there was a tendency for the increases in the white 


blood cell and polymorphonuclear cell counts to be 
less than those obtained in the intact animals but 
these differences were only significant in the epi- 


nephrine group. Turpentine was the only agent 
which produced a significant decrease in eosino- 
phils in the absence of the adrenal cortex. How- 
ever, this decrease was significantly less than that 
obtained in intact dogs given turpentine (P= < 
01). In contrast to the intact dogs, the lympho- 
cytes of the adrenalectomized animals showed a 
tendency to increase rather than decrease following 
the administration of each of the three agents. 

It is interesting to note in greater detail the ef- 
fects of mild stress on the leukocytes of intact dogs. 
Of the eight intact dogs on which plasma iron esti- 
mations were also made, there were four in which 
the per cent decrease in iron was significant and 
‘our in which it was not. Of the four in which the 
iron showed a significant decrease, blood cell counts 
were made on three and the mean increase of the 
white blood cell and polymorphonuclear cell counts 
were 51 and 62 per cent. Of the four dogs in 
which the iron showed no significant change, cell 
counts were simultaneously taken on three and the 
mean per cent increase of the white blood cell and 
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polymorphonuclear cell counts were 9 and 24, 
showing a direct correlation between the change 
in the level of plasma iron and changes in the level 
of the cell counts. Similarly, in the three dogs with 
a decrease in the level of plasma iron, the per cent 
fall in the eosinophils and lymphocytes averaged 
71 and 20, respectively, and in the three dogs which 
did not show a change the per cent fall was 54 and 
9, respectively. 

Two hours following the intravenous injection 
in three dogs of 20 mg. per kg. of body weight of 
Dibenamine in 200 ml. of 0.9 per cent solution of 
sodium chloride, there was a marked hyperferremia 
and a mean per cent increase in the total white 
blood count and polymorphonuclear count of 15 + 
8 and 25+ 11, respectively. Both the eosinophils 
and lymphocytes showed a decrease at this period 
of 24+ 5 and 15+ 13 per cent. The total leuko- 
cytes and polymorphonuclear cells increased to a 
maximum eight hours following Dibenamine at 
which time they showed a mean per cent increase 
of 65 + 20 and 90 + 25, over their initial counts. 
The greatest fall in the eosoinophil count was at 
six hours, when they showed a decrease of 71 + 7 
per cent, and in the lymphocytes at four hours, 
when they had decreased by 42 +8 per cent. 
These changes in the cells coincided with the 
change in the plasma iron level from a hyperfer- 
remic to a hypoferremic phase. At 24 hours when 
the level of iron was still depressed, the total leuko- 
cyte and polymorphonuclear counts were still ele- 
vated to 53 + 19 and 55 + 24 per cent above their 
initial levels. The drop in the level of eosinophils 
had decreased to 35 + 13 per cent and the lympho- 
cytes had returned to their pre-injection level or 
higher in all three dogs. 

Following the intravenous injection in three 
dogs of 5 mg. per kg. of body weight of Dibenamine 
in 200 ml. of 0.9 per cent solution of sodium chlo- 
ride, the changes noted in the cells were different 
from those obtained with the large doses. Two 
hours fo!lowirg the Dibenamine the mean per cent 
increase of the white blood cell and polymorphonu- 
clear cell counts was 13 + 13 and 32 + 32. These 
increases were due entirely to increases in the 
total leukocyte and polymorphonuclear cell count 
of the one dog which developed a hypoferremia 
following this dose of Dibenamine. The eosino- 
phils and lymphocytes had decreased at this pe- 
riod by 23 +11 and 37 +9 per cent. The in- 
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creases in the white blood cell and polymorphonu- 
clear cell counts were maximal at six hours, being 
34 + 16 and 30 + 11 per cent. At this period the 
eosinophils showed a maximal decrease of 41 + 11 
per cent. The maximal decrease of the lympho- 
cytes occurred after four hours, at which time 
they had fallen to 29 + 5 per cent below their ini- 
tial level. All the changes noted in the cells were 
less than those obtained with the larger dose of 
Dibenamine although these differences were not 
Statistically significant, due probably to the small 
number of dogs used. 

The six dogs previously injected with Diben- 
amine were given a single intramuscular injection 
of 2 mg. of epinephrine. The changes in the white 
blood cell counts observed were very similar to 
those obtained in untreated dogs with epinephrine. 
Thus at six hours after the injection of the epi- 
nephrine there was a maximal increase in the total 
leukocyte count and polymorphonuclear cells of 
53+ 6 and 74+ 11 per cent, respectively, and a 
maximal decrease of the eosinophils of 66 + 5 per 
cent. The lymphocytes had fallen to their lowest 
value at four hours, the mean per cent decrease 
noted being 41+6. Thus Dibenamine neither 
blocked the cellular changes nor the hypoferremia 
which followed the injection of epinephrine. 


DISCUSSION 


From these results it would appear that there 
is a relation between adrenocortical function and 
the level of plasma iron. Thus, it has been found 
that a variety of agents other than turpentine are 
capable of inducing hypoferremia in the dog. 
These include histamine, epinephrine, formalde- 
hyde, fracture, anaphylactic shock and the mild 
stress of taking blood samples. The hypoferremia 
which followed epinephrine and histamine differed 
from that which followed turpentine in that maxi- 
mal hypoferremia occurred in six to eight hours 
rather than in 24 to 48 hours. 

Following the injection of adrenocortical extract 
and ACTH, hypoferremia developed at the same 
time as after histamine, epinephrine and anaphy- 
lactic shock, and to a similar degree. That the ef- 
fect of ACTH was mediated through the adrenal 
cortex was demonstrated by the fact that in 
adrenalectomized dogs no hypoferremia was pro- 
duced by the injection of ACTH. Hypoferremia 
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caused by mild stress was also absent in the adre- 
nalectomized dog. The hypoferremic effect of epi- 
nephrine was significantly less in adrenalectomized 
dogs than in intact animals (P = < .001) but epi- 
nephrine still produced a significant fall in plasma 
iron in the absence of the adrenal cortex (P = 
< 01). 

Additional evidence of an association between 
the adrenal cortex and the level of plasma iron 
was afforded by the experiments on the rate of 
disappearance from the plasma of intravenously 
administered saccharated oxide of iron. This 
substance was removed most rapidly from the 
plasma of intact dogs given ACTH, and most 
slowly from the plasma of adrenalectomized dogs, 
the rate of disappearance in intact untreated ani- 
mals falling between these two. The rate of disap- 
pearance from dogs previously given thorium di- 
oxide was approximately equal to that of the 
adrenalectomized dogs. The urinary excretion of 
iron was not studied in these animals. Such stud- 
ies are indicated and are now under way in this 
laboratory. 

The correlation found in these studies between 
the production of lymphopenia with eosinopenia 


and hypoferremia may be adduced as further evi- 
dence of the association of the adrenal cortex with 


the mechanism of hypoferremia. Thus turpen- 
tine, epinephrine, and ACTH produced hypofer- 
remia in intact dogs and they also produced a sig- 
nificant eosinopenia and lymphopenia. Following 
bleeding or the injection of saline, a significant fall 
in the eosinophils and lymphocytes only took place 
in those dogs which developed a hypoferremia. 
It has been shown by others that Dibenamine, in 
doses of 25 mg. per kg. of body weight, produces 
a fall in adrenal ascorbic acid concentration (15), 
and in this study the above dose of Dibenamine 
produced a hypoferremia which was accompanied 
by a significant eosinopenia and lymphopenia. 
Following the administration of 5 mg. per kg. of 
body weight of Dibenamine the one dog which de- 
veloped hypoferremia at eight hours also showed 
significant cell changes. In the two dogs in which 
hypoferremia did not develop at eight hours the 
cell changes were much less pronounced. Fur- 
thermore in dogs pretreated with Dibenamine, epi- 
nephrine produced both hypoferremia and eosino- 
penia and lymphopenia. 

In adrenalectomized animals turpentine was the 
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only substance which produced a significant mean 
per cent decrease in the circulating eosinophils, 
but even when turpentine was injected the de- 
crease in the eosinophils in the adrenalectomized 
dogs was significantly less than the drop obtained 
in the intact animals (P = < .01). In the adre- 
nalectomized dogs following the administration 
of ACTH the eosinophils showed a tendency to 
increase. This increase was significantly different 
from the decrease associated with hypoferremia 
produced in intact dogs (P = < .001). The hypo- 
ferremia produced by epinephrine in the intact 
dog was associated with a significant decrease in 
the circulating eosinophils. In the absence of the 
adrenal cortex, epinephrine produced a hypofer- 
remia which was significantly less than that ob- 
tained in the intact dog and which was not as- 
sociated with a significant decrease in the eosino- 
phils. This is further evidence that the full hy- 
poferremic effect of epinephrine can only be pro- 
duced in the presence of the adrenal cortex, but 
it is also clear that it acts in part through another 
system. 

If from the above evidence we assume that the 
adrenal cortex is one of the factors concerned in 
the regulation of the plasma iron level and specifi- 
cally is concerned in the production of the hypo- 
ferremia of stress, the problem arises as to how 
this influence is mediated. In the previous paper 
in this series (3), it was demonstrated that the 
intravenous administration of colloidal thorium 
dioxide to dogs in amounts of 2 ml. per kg. of body 
weight per day for three consecutive days resulted 
in a marked hyperferremia and that under these 
circumstances the hypoferremia produced by the 
intramuscular injection of turpentine, even in doses 
as great as 5 ml., was almost entirely prevented. 
In the present investigation it has been shown that 
the hypoferremia producing effect of histamine is 
blocked in a similar manner. These findings to- 
gether with the observation that iron accumulates 
in organs containing the cells of the reticulo-endo- 
thelial system under conditions of chronic stress (7, 
16, 17) suggest that it is the reticulo-endothelial 
system which removes the iron from the plasma. 

One possible explanation of the means whereby 
acute hypoferremia is produced following stress 
is that the cortical hormones stimulate the reticulo- 
endothelial system to take up the iron from the 
plasma. In support of this explanation is the 
observation of Gordon and Katsh (18) that in 
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rats adrenalectomy results in a significant decrease 
in the uptake of thorium by the spleen while the 
administration of whole adrenal cortical extract 
significantly increases the accumulation of thorium 
in the spleens of adrenalectomized animals. 

This explanation is admittedly entirely specu- 
lative at the present time. It is possible that 
ACTH and cortisone produce hypoferremia 
through an entirely different mechanism than does 
turpentine. Indeed, it has been shown in the 
present study that epinephrine and turpentine can 
produce some degree of hypoferremia even in 
adrenalectomized dogs. Whether or not this is 
by direct stimulation of the reticulo-endothelial 
system or through some intermediary channel 
other than the pituitary-adrenal axis, are pos- 
sibilities which deserve consideration and are now 
under study in this laboratory. 

The studies reported here in dogs have been re- 
peated and extended in rats (19). In general, 
the results in rats have confirmed the dog studies. 

It must be emphasized that the data presented 
in this paper concern the mechanism by which 
acute hypoferremia occurs in the dog. It is pos- 
sible that the same mechanism is operative in the 
production of the chronic hypoferremia which ac- 
companies chronic infections in man although no 
direct evidence in support of this has been pre- 
sented in this paper. Indeed, to date we have 
not observed hypoferremia in man following the 
administration of ACTH. These studies are now 
being extended. 


SUMMARY 


1. It has been shown that a variety of agents 
other than bacterial and sterile turpentine abscesses 


produce acute hypoferremia in dogs. These in- 
clude histamine, epinephrine, fracture, anaphylactic 
shock and mild stress. 

2. The injection of adrenocortical extract and 
adrenocorticotrophic hormone produced a similar 
hypoferremia. 

3. Adrenalectomy abolished the hypoferremia 
produced by mild stress and by ACTH;; the hypo- 
ferremia-producing effect of epinephrine was sig- 
nificantly reduced in the adrenalectomized dog but 
was not abolished. 

4. Intravenously administered saccharated ox- 
ide of iron disappeared rapidly from the plasma 
of intact dogs given ACTH and more slowly from 
the plasma of adrenalectomized dogs. The ad- 
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ministration of colloidal thorium dioxide also re- 


sulted in a decreased rate of disappearance of in- 
jected iron. 

5. The intravenous injection of Dibenamine 
failed to block the hypoferremia-producing effect 
of epinephrine and itself produced a hyperferremia 
maximal in two hours and a hypoierremia which 
began in eight hours and was maximal at 24 hours. 

6. When the various agents were employed, a 
correlation was observed between the degree oi 
lymphopenia and eosinopenia produced and_ the 


degree of hypoferremia which developed. 
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The opportunity to observe the effect of adminis- 
tration of pituitary adrenocorticotrophic hormone 
(ACTH) and 11-dehydro-17-nydroxycorticoster- 
one (cortisone 


) on the moderately active rheuma- 


toid arthritis of a patient with panhypopituitarism 


Was presented us. The clinical features (1, 2) of 
hypopituitarism are in essence those of hypo-func 
tion of the so-called “target” organs of the pitui- 
the adrenal cortex, thyroid, and gonads. 


Sheehan and Summers (1) report “rheumatism of 


tary ; 


joints particularly of the knees” in 13 of 93 cases 
of panhypopituitarism, but elucidate no further on 
this clinical feature. 
\ 


tiie 


The phy siologic effects of 


TH and cortisone are well known (3, 4), and 
dramatic response of patients with rheumatoid 
arthritis to these agents has been amply recorded 

6). Forsham, Thorn, Prunty, and Hills 


] 


! 


of normal “initial 
\CTH tl 


cases with severe hypopituitarism, although in one 


(7) noted an absence response 


; 
I 


aiter administration of in the majority o 


full adrenal cortical activity was noted after 
\CTH ad 
Jailer, Hamilton, and West (8) reported minimal 
\CTH 
inding hypo- 


{ 17-keto 


Case, 


six davs of administration. Knowlton. 


metabolic effects after administration of 


t 
lc 


Y : 


i 
a 


\n 


steroids and uric acid and evidence 


or 12 days in a patient with longs 


pituitarism. increase in excretion O 


f sodium and 
chloride retention were the observed effects 
as undertaken in order to observe 
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This study 
the following 


l 


have 


What 


the 


\CTH 


id laboratory «findings of 


action, any, might 


il 


rheumatoid arthritis, 


direct 


on clinical an 


inasmuch as adrenal corti 
function was apparently absent 
Whether return of 


adrenal cortical activity 


1 This study was supported by the Trust Fund of the 
Department of Internal Medicine 
chase of ACTH fre Armour & 


Merck & Co., 


1 hich permitted pur 


m ( and cortisone from 


Inc 


17 


AND CORTISONE ADMINISTRA 
LONGSTANDING PANHYPO 
UMATOID ARTHRITIS! 


Dt, SHEETS, WILLIAM B. BEAN 


AND 


the College of Medicine, State University « 
Hospitals, lowa City) 


) 
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1950; accepted, November 6, 1950) 


would become apparent after ACTH administra- 
tion. 
3. The response to cortisone. 


Case Report 
first seen in the out-patient clinic at University Hospitals 


LER, a 46 year old white woman, was 


in 1945, complaining of intermittent attacks of swelling 
and tenderness of the shoulders, wrists, fingers, knees, and 
ankles attacks 
anorexia, and weight loss 
obtained 


Recent were associated with fever, 
A vague history of increased 
heat rhe 
episodes that suggested hypoglycemia which had occurre 
intermittently during the preceding seven years. Men 


strual and obstetrical history revealed that the only preg 


described 
} 


tolerance was husband 


nancy, 27 years previously, had terminated with a pro 
longed labor, associated with excessive blood loss.  Lac- 
tation was minimal, and ceased entirely after seven days. 
Menstrual function was not present after the pregnancy 
Examination showed an asthenic, poorly nourished woman 


skin 
Blood press 


with There was diminution of axillary and 


Hg. Mini- 


Basal metabolic rates were 


dry 


pubic hait ure was 100/70 mm 


mal joint signs were evident 


re 


oe fe 


7 ¢ 
o/ 


( Westergren ) 


Erythrocyte sedimentation rate was 
f hy 
The 


patient was discharged on thyroid substance 0.1 gm. daily 


and G 


86 mm./hour Clinical diagnoses « 


pothyroidism and rheumatoid arthritis were made 


Phere were four subse quent clinic visits, the final one be 
in August, 1946 
On 


ing Phyroid substance had been used only 


sporadically each occasion the patient complained 


| Little change was observed in the gen- 


The erythrocyte sedimentation rate re 


of tachycardia 

cral appearance 
mained elevated. On one occasion, a typical rheumatoid 
lesion of a metacarpal-phalyngeal joint was noted. 


the medical service in January, 
( 


She admitted 
1949 the 
enced progressive asthenia and increasing periods of sleep 
Her had 30 


stance daily. In recent months progressive swelling and 


vas 


t 


During previous 30 months she had experi- 


only medication been mg. of thyroid sub- 


tenderness in the right knee and left ankle had been ob- 
served. Examination showed a very torpid and listless 
The skin had no 


Axil 


were 


woman whose weight was 106 pounds 
increased pigmentation and was smooth and dry. 

The 
Blood 


an atrophic uterus 


pubic hair breasts 
The 


Pelvic 


lary and were spars¢ 


atrophic heart was small was 


70/50 


and 


is 


pressure 


examination revealed 


senile vaginitis. Fusiform swelling of slight degree 


was evident at the interphalyngeal joints of the hands 


Phe knees were limited in range of motion and marked 


4 
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crepitation on motion was noted. There was thickening 
of the periarticular tissues. 

Shortly after admission, she had a febrile episode as- 
sociated with a urinary tract infection and lapsed into 
complete unresponsiveness with further drcp in blood 
pressure. Treatment for Addisonian crisis was instituted 
and resulted in a satisfactory response. An unsuccessful 
attempt to stabilize the blood pressure, electrolyte, and 
endocrine metabolism on desoxycorticosterone and thy- 
roid extract was made. Eventual maintenance medica- 
tions were: 7) Lipoadrenal Cortex (Upjohn), 2 ml. in 
tramuscularly daily. 2) Testosterone propionate, 20 mg. 
intramuscularly daily. 3) Sodium chloride, 6 gm. daily. 
Laboratory examination at the time of admission failed 
gonadotropins, 
24 hours. Se 
rum sodium was 290 mg./100 ml., potassium 29.3 mg./100 
Blood 
and the creatinine 1.0 mg. 
The 
X-rays of the abdomen 
Skull 


x-rays were normal. Roentgenograms of the hands dem 


to demonstrate the presence of urinary 


and 17-ketosteroid excretion was 0.84 mg 


ml., and plasma chlorides 525 mg./100 ml 
100 ml 
X-rays revealed the lung fields to be clear 


urea 
nitrogen was 17 mg 
100 ml. 
cardiothoracic 


ratio was 0.38, 


demonstrated no calcification in the adrenal areas 
A basal metabolic rate two 


onstrated atrophic changes 


Fic. 


KNEES 


rrIAL CONTROI 


A. PHOTOGRAPH OF THE TAKEN DURING THE IN1 


PERIOD 


PANHYPOPITUITARISM 


WITH ARTHRITIS 


after admission was 16% \ plasma protein 


weeks 
bound iodine in June, 1950, was 2.6 gamma/100 ml. A 


test for adrenal cortical insufficiency with 25 mg. ACTH 
as described by Thorn, Forsham, Prunty, and Hills (9) 
failed to demonstrate a significant drop in circulating 
eosinophils or change in urinary uric acid excretion. An 
intravenous glucose tolerance test produced a febrile re- 
action and drop in blood pressure which necessitated dis- 
continuance of the test and use of supplementary adrenal 


cortical extract and intravenous saline 


METHODS 


During the study the carbohydrate, fat, protein, and 
sodium in the diet were calculated since it was impossible 


Blox «l 


were recorded daily at 7:00 a.m 


to keep the diet constant. pressure and weight 


Because of the mental 


status of the patient 24 hour urine and stool specimens 


were collected with some difficulty. Toluene was used 


as preservative in the urine specimens except on days 


17-ketosteroid and acid determinations were 


leukocyte 


when uric 


made. Eosinophil counts and counts were 


done by the method of Randolph (10); erythrocyte sedi- 


mentation rates by the Westergren method; serum so 


1 
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RESULT 


Clinical observations: Betore the beginning of 


this study, the patient was lethargic, passive and 


intermittently hallucinated. During the first six 


5 


hallucination and 


\CTH 


agitation become 


days of idmunistration, 


» extreme, requiring restraint and 
feeding. The psychotic be 


ACTH was 


While on cortisone the patient became 


on one oceasion tube 


havior became less pronounced when 
continued, 
cooperative, and had long periods of lucid behavior 

of the 
The 


spongy cc msistency much 


During administration cortisone skin re- 


mained dry and soft. subcutaneous tissue of 
the 
like 


of axillary and pubic hair appeared during corti- 


face took on a loose, 
that seen in myxedema. A luxuriant growth 
sone therapy. This was accompanied by extreme 
which heretofore had been lacking com 
The 
was such that no dramatic 


During the course of ACTH there was slight ob 
the 


modesty, 
arthritis 
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observed 


pletely. activity of the rheumatoid 


change was 
knees. 
ACTH 
the patient walked spontaneously for the first time 
The 


however, 


jective increase range of motion of 
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tween the courses of cortisone there was no exacer- 
bation of joint signs or symptoms. Twenty-one 
days after completion of the second course of corti- 
sone, both knees but especially the right, became 
painful, warm, and swollen. An accompanying 
systemic febrile response occurred. 

A gain in body weight of nine pounds was noted 
after 10 days of ACTH administration (Figure 2). 
No edema was evident. This gain could not be 
followed accurately because pneumonitis necessi- 
tated the use of supplementary adrenal cortical ex- 
tract three days after completion of ACTH ad- 
ministration. By the sixth day of the first course 
of cortisone, a weight gain of 10 pounds had oc- 
curred. Edema appeared and remained despite 
discontinuation of lipoadrenal cortex and sodium 
chloride. Cortisone was discontinued on the 12th 


day after her weight had risen from 93 to 115 
pounds. It was believed that the appearance of 
edema was a manifestation of sodium retaining 
effect of cortisone (3), added to the effect of 
testosterone (15). After edema had disappeared 
her weight remained 10 pounds above the control 
level and represented an increase in body tissue. 
This gain was maintained in the 23 day interval 
between courses of cortisone. During the second 
period of cortisone her weight increased but 3 
pounds. However, an additional gain of 5 pounds 
was noted in the 12 day interval subsequent to 
its administration. During the second period, 
when cortisone was the only drug being adminis- 
tered, no edema appeared. 

Blood pressure was maintained slightly above 
control levels by ACTH after discontinuation of 





o* eo 


Me./ 100 Mt. 


“SODIUM.” 


2 
g 
2 


RATIO. —- Me /100Mu, 
0 Sa 1 
asses 25055 


asa 


HNUDADMNDBO 
©00000000 


Me. 
o88 


LIPOADRENAL EXTRACT 2Mc DAILY 








e TESTOSTERONE 20Ma DAILY 








10 20 30 40 50 


60 


DAYS 


Fic. 3 


i OR ha sa horas 





CHRISTIAN E. SCHROCK, RAYMOND F. 


SHEETS, AND WILLIAM B. BEAN 





108/Gu. MM. 


10/Cu, MM, 


ABSOLUTE LYMPHOCYTE 


10% Gu, MM 


10°/Gu, MM. 


7 
5 
- - 


pL IPOAORENAL EXTRACT — DAILY 
eens 


py » sient «aaa tins 


LEUKOCYTE 7 sal ee 
1 ae Pe he 


SEDIMENTATION RATES 


is 


| _ 








TESTOSTERONE 20 MG. DAILY 








10 20 30 40 50 
DAYS 


Fic. 


lipoadrenal cortex (Figure 2). During the first 
course of cortisone, blood pressure-rose from an 
average control level of 110/80 to 138/98 on the 
12th day, concomitantly with the appearance of 
edema. When cortisone was given without lipo- 
adrenal cortex, testosterone propionate and so- 
dium chloride, only slight elevation of systolic and 
diastolic arterial tension was noted. Blood pres- 
sure did not return to control levels immediately 
after stopping cortisone, but dropped gradually 
over a period of 14-21 days. 

Chemical observations: The data for serum so- 
dium, potassium, uric acid, and 17-ketosteroids are 
given in Figure 3. Serum sodium varied from 
280 to 335 mg./100 ml. with no significant corre- 
lation to drug administration. Serum potassium 
levels dropped to 14.9 mg./100 ml. on the fifth 
day of ACTH and remained below control levels 
during the entire course. This was interpreted 
as suggestive evidence of adrenal cortical activity 
inasmuch as potassium diuresis had been an ob- 
served effect of ACTH administration (3, 7, 8). 
No alteration of significance occurred during 
cortisone administration. Neither ACTH nor cor- 
tisone significantly altered the blood uric acid 


4 


levels. The urinary uric acid/creatinine ratio 
was not significantly altered at any time in the 
course of this study. 

While on testosterone propionate, 20 mg. daily, 
before and during the control period, 17-keto- 
steroid excretion ranged from 4.4 to 6.6 mg./24 
hours. These figures are somewhat less than the 
percentage excretion of administered testosterone 
observed by Fraser, Forbes, Albright, Sulkowitch 
and Reifenstein (16). While ACTH was ad- 
ministered, no appreciable change in 17-keto- 
steroid excretion occurred. During the first course 
of cortisone, while testosterone was continued, an 
increased excretion of 17-ketosteroids was ob- 
served. This effect was noted 20 days after dis- 
continuation of cortisone, and would suggest con- 
tinued slow absorption from the site of injection, 
an observation previously made by Sprague, 
Power, Mason and Cluxton (17). Following the 
second course of cortisone during which no testos- 
terone was given, the 17-ketosteroid excretion 
was maintained near the control level by cortisone. 

Alteration in tolerance of carbohydrate was not 
evidenced by fasting and post-prandial blood sugar 
determinations. 
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Hematologic observations: Values for erythro- 
cyte sedimentation rate, circulating eosinophils, 
total leukocytes, absolute lymphocytes, and eryth- 
rocytes are plotted in Figure 4. The erythrocyte 
sedimentation rate decreased from an average con- 
trol value of 68 mm./hour at the termination of 
ACTH administration to 40 mm./hour. Signifi- 
cant decrease to 10 mm./hour occurred 16 days af- 
ter initiation of cortisone therapy. During the 
second course of cortisone a significant decrease 
in sedimentation rates failed to occur. Total cir- 
culating eosinophils dropped from an average con- 
trol level of 290/cu. mm. to 44/cu. mm. on the 
fourth day of ACTH therapy. A gradual return 
to essentially control level by the seventh day of 
treatment was noted. A similar decrease in cir- 
culating eosinophils was observed during the first 
course on cortisone, while no definite trend oc- 
curred during its second exhibition. The total 
leukocytes rose from an average control value of 
5000/cu. mm. to average treatment values of 
9000/cu. mm. on ACTH. A pronounced increase 
in total leukocyte count occurred after six days of 
cortisone and continued for eight days after its 
discontinuation. A similar increase was observed 
during the second course of cortisone. There was 
very little change in absolute lymphocyte counts 
during the entire study. 

The erythrocyte count rose from control levels 
of 4,300,000/cu. mm. to 5,980,000/cu. mm. at the 
completion of the second course of cortisone. 


DISCUSSION 


Because this patient had clinical signs of hypo- 
thyroidism and a low basal metabolic rate, she 
was treated with small amounts of thyroid sub- 
stance on four occasions. The response was ad- 
verse and each time the therapy had to be dis- 
continued. The, symptoms which caused the 
latest admission to the hospital suggestea adrenal 
insufficiency, and although she was hypokinetic 
and her skin was dry the signs of myxedema were 
not outstanding. ACTH caused no alteration in 
the relationship of the clinical signs of adrenal in- 
sufficiency to those of hypothyroidism, but when 
the hypoadrenalism was controlled with cortisone, 
striking signs of myxedema occurred. Clinically 
it seemed that partial control of either adrenal or 
thyroid insufficiency enhanced signs of the un- 


treated endocrine deficiency. That there is a re- 
lationship between adrenal and thyroid function 
has been demonstrated by Soffer, Gabrilove, and 
Jailer (18). Evidence that this relationship is 
more than relative is not apparent from our study. 
The observations set forth in this study of an 
unusual clinical combination of rheumatoid arthri- 
tis and hypofunction of the adrenal cortex second- 
ary to hypopituitarism are in keeping with the 
rapidly accumulating data in this field (3-6, 8). 
In our patient there was clinical and laboratory 
evidence that some bit of adrenal cortex remained 
and was responsive to stimulation by ACTH. 
This response mediated through the adrenal glands 
was shorter and less intense than the general re- 
sponse to substituted cortisone. Generalizations 
from this series of studies are not warranted. 


SUMMARY 


1. ACTH and cortisone were administered to 
a patient with longstanding panhypopituitarism 
and rheumatoid arthritis. 

2. Partial adrenal cortical activity was demon- 
strated during ACTH administration. 

3. The effect on the arthritis was equivocal after 
administration of ACTH, but was definite after 
administration of cortisone. 

4. Clinical, chemical and hematologic data are 
in agreement with present conceptions of the 
metabolic and therapeutic properties of ACTH 
and cortisone. 
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Our interest in the metabolism of hemoglobin in 
patients with thermal injury was stimulated by 
early observations that (a) in spite of multiple 
whole blood transfusions anemia often developed 
rapidly in the first 96 hours after injury, and (0b) 
in the protracted convalescence of a patient with 
only a small burn, moderate anemia inevitably 
ensued. The latter was exceptionally refractory 
to all except replacement therapy. With these 


two facts in mind we have undertaken our present 
study of the burn patient in an attempt to answer 
the following questions: (1) to what extent does 
hemolysis occur, and (2) what information about 
the anemia of the protracted convalescent stage 
might a continuous investigation of heme metabo- 


lism give us? 

Previous work on the same general problem has 
already been presented by Moore, Peacock, Blake- 
ley, and Cope (1), who demonstrated an increased 
excretion of urobilinogen in the urine of four pa- 
tients and an increased excretion in the feces in 
one patient. Similarly, the British workers, An- 
derson and Semeonoff (2), described increased 
excretion of urinary urobilinogen. Others have 
pointed out the potentiality of increased osmotic 
fragility and plasma hemolysis (3, 4) early in the 
post-burn period as well as agglutination and 
“sludging” of the red cells (5) in the peripheral 
circulation removed from the site of the injury. 


1 Presented in part before the Clinical Congress, Ameri- 
can College of Surgeons, October 16-23, 1949, Chicago, 
Illinois. 

2 Supported by grants to the Surgical Research Labora- 
tory, Department of Surgery, from the Medical Research 
and Development Board, Department of the Army (Proj- 
ect: S.F. No. W-49-007-MD-411). 

3 Markle Scholar in Medical Sciences; formerly, Post- 
doctorate Research Fellow of National Institutes of 
Health. 

* Surgical Research Fellow. 

5 Director of Surgical Research Laboratory. 


Cartwright and his associates have presented 
several papers discussing some of the metabolic 
aspects of the anemia of chronic sepsis, and give 
data showing low serum iron, elevated serum cop- 
per and increased urinary coproporphyrin excre- 
tion (6). A few studies are available, notably 
those of Saifi and Vaughan (7, 8), in which esti- 
mations of the urobilinogen excretion in the urine 
and feces in chronic sepsis have been made. In 
our experience bacterial contamination and growth 
on the burned area is always present after the first 
dressing of third degree burns. 

In the investigation of an anemia which appears 
suddenly over a period of a few days, it would 
seem of some importance to estimate the amount 
of the end products of hemoglobin catabolism. 
The correlation of the amount of hemoglobin end 
products, as urobilinogen, with the total number 
of grams of circulating hemoglobin has been dis- 
cussed by Miller, Singer, and Dameshek (9) and 
others as the hemolytic index, and can serve as a 
rather reliable method of estimating intravascular 
hemolysis. Moore and his colleagues (1) in their 
review mention the initial hemolytic phase of 
burns but only support this observation with one 
case with fecal urobilinogen study. We believe 
the urine urobilinogen may have a different in- 
terpretation than that described. 


METHODS AND MATERIAL 


Seventeen burn patients admitted to the Burn Service 
of the Department of Surgery at the Medical College of 
Virginia were selected for study. The burns were usually 
of the free fire type caused by kerosene explosions in 
wood stoves and by blazing clothing. Immediately after 
admission the patients were started on study with an ini- 
tial hemogram, a blood volume determination, and a 
continuous collection of all urine and feces. Subsequent 
blood studies were performed as indicated. Treatment 
in all the cases was essentially the same, employing pres- 
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sure bandage without debridement, parenteral antibiotics, 
fluids and when indicated whole blood transfusion. 

The hematologic methods were those given by Win- 
trobe (10). Hemoglobin was measured by the alkaline 
hematin method in sodium carbonate on the Coleman 
Junior Spectrophotometer, standardized for hemoglobin 
by the oxygen capacity method. The urine was collected 
in brown glass bottles, using 5 Gm. of-sodium carbonate 
with petroleum ether as a preservative. Feces were col- 
lected in waxed carton containers. Urine urobilinogen 
determinations were done on one day or two day col- 
lections, fecal urobilinogen on four day or longer collec- 
tions by the quantitative method of Schwartz, Sborov, and 
Watson (11). We have used 200 mg. per day as the up- 
per limit of normal for fecal urobilinogen studies since 
this was the highest value obtained on two normal sub- 
jects in our laboratory. This is somewhat lower than the 
upper limits usually described as 250 mg. per day. Total 
urinary coproporphyrin was determined on the Klett 
photofluorometer model 1040 by the method of Schwartz, 
Hawkinson, Cohen, and Watson (12). Standardization 
of our instrument was performed with coproporphyrin 
dimethyl ester, prepared, isolated, and purified in our 
laboratory from porphyria urine and urine from lead 
poisoned patients. Serum bilirubin (13), T-1824 plasma 
volume (14), and P* red cell volume (15) were deter- 
mined at intervals designed to aid us in our studies. The 
hemolytic index, a ratio of urobilinogen excretion per 
day to total circulating hemoglobin, has been described 
by Miller, Singer, and Dameshek (9). It is calculated 
in the following manner: 


hemolytic index 





total circulating hemoglobin in grams 
The normal range of this index is given as 11-21. 


_ urobilinogen excretion in mg. per day X 100 


RESULTS AND DISCUSSION 


Table I presents statistical data on our patients 
who were arbitrarily separated into three groups 
based on the percentage of third degree burn as 
estimated by the Lund and Browder values (16). 
This division is as follows: Group I, 0 to 10 per 
cent; Group II, 11 to 20 per cent; Group III, 
21 per cent or greater. 

The results of the fecal urobilinogen studies 
should be evaluated in the light of previous ex- 
perience that whole blood transfusions, particularly 
if the blood has been stored for more than a week, 
leads in some instances, not only to a slight in- 
crease in the serum bilirubin, but also an increase 
in fecal urobilinogen (17, 18). Also of con- 
siderable importance are the recent clinical studies 
of London (19) and his associates which indicate 
that at least 11 per cent of the fecal stercobilin ° 
in normal persons is derived from sources other 
than the pigment fraction of hemoglobin. To 
what extent increases in fecal urobilinogen (vide 
infra) are due to non-hemoglobin sources in our 
patients cannot be ascertained, and the possibility 
exists that tissue destruction is contributing tetra- 
pyrrols, due to intracellular breakdown since all 
cells contain the ferroprotoporphyrin ring. 


6 The method used in this work measures both ster- 
cobilinogen and mesobilirubinogen and the result of the 
determination is expressed in terms of urobilinogen. 





ANEMIA OF THERMAL BURNS. 


In Group I there were three instances in which 
fecal urobilinogen was considered to be increased 
as evaluated by the hemolytic index. In two of 
these the increase occurred in the first week and 
was associated with a marked drop in the hemo- 
globin and increased hemolytic index. We have 
interpreted this to mean excessive hemolysis. 
Neither of these patients received transfusions on 
admission. J. B. (Figure 1), 4 per cent third de- 
gree burns, illustrates an example of this response. 
Laboratory studies indicated a sharp rise in the 
fecal urobilinogen and a fall in the total circulating 
hemoglobin of 122 Gm. The hemolytic index 
increased from 3.8 to 37.4, later returning to 
within the accepted normal range of 11 to 21. 

In a patient with 35 per cent second degree burn 
(C. W.) there was evidence of a definite hemolytic 
phase. It would appear, therefore, that hemolysis 
is not entirely a question of the depth of burn. 

In two instances in Group I there is a different 
response. A. D. (Figure 2) with 1.5 per cent 
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third degree burn, was given a total of 430 Gm. 
of hemoglobin shortly after admission raising her 
total circulating hemoglobin from 523 Gm. to 896 
Gm., an increase of approximately 72 per cent. 
This gave rise to an “artificial” polycythemia. 
Interestingly enough, she did not show any ex- 
cessive hemolysis as judged by the fecal urobilin- 
ogen studies. The hemolytic index of 10 was 
normal, but there was a moderate rise in the total 
serum bilirubin. The interpretation of this dis- 
crepancy is somewhat difficult. A possible ex- 
planation of this may be due to the difficulty in 
stool collection in this patient. It is noted that the 
fecal urobilinogen covers a period of eight days, 
whereas if the total amount of urobilinogen ex- 
creted during this period were computed on a 
three day basis, which it more nearly represents, 
the concentration of fecal urobilinogen in mg. per 
day would be correspondingly higher, and thus the 
hemolytic index. In addition as it has been pointed 
out by Ham and his associates (4), thermal 
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The graph demonstrates a drop in hemoglobin with a concomitant rise in the fecal urobilinogen 
and hemolytic index. Serum bilirubin and urine urobilinogen were unchanged. After the 28th 
day oral aureomycin was administered. Note the marked diminution in fecal urobilinogen 


output, without significant change in the urine urobilinogen. 


The hemolytic index after the 


25th day was at the lower limit of normal and suggests decreased breakdown of heme pigments. 
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This patient was given 430 Gm. of hemoglobin as 
red cells in the first three days after admission. An arti- 
ficial polycythemia was produced, but she did not exhibit 
any increase in the hemolytic index or fecal urobilinogen. 
On the third post burn day, however, the urine urobilin- 
ogen was increased, and there was a rise in the total 
serum bilirubin on the second day. Increased urine uro- 
bilinogen in the presence of a normal fecal urobilinogen 
suggests impairment of the ability of the liver to proper'y 
handle reabsorbed urobilinogen. 
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trauma leads to red cells potentially more fragile 
to osmotic and mechanical influences. The trans- 
fusion in this patient could give rise to two popula- 
tions of red cells, the patient’s, which are potentially 
subject to hemolysis, and the transfused cells, not 
fragile. At the same time the total circulating he- 
mogiobin would have been raised. Hence on the 
basis of these speculations, if the hemolytic index 
were recalculated using the initial total circulating 
hemoglobin (prior to transfusion), the fecal uro- 
bilinogen on a three day basis, the index would 
have been 40. This of course fits well with the 
other findings of increased indirect serum bilirubin, 
and the data on the subsequent patients. The other 
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patient who showed a different response was a 
youth of 10 years with a 4 per cent third degree 
burn. Although blood volume studies were not 
done, he did not show a significant rise in the 
fecal urobilinogen until the 10th day, when the 
fecal urobilinogen rose to 165 mg. per day. 

In Group II are those with third degree burns 
covering from 11 to 20 per cent of the body sur- 
face. The fecal urobilinogen studies are altered 
by the use of oral or intravenous aureomycin, 
which will be discussed below. 

In the severe group of burns, all of whom ex- 
pired, there were marked increases in the fecal 
urobilinogen. Stools could not be collected in all 
instances but in those patients from whom speci- 
mens were obtained increases were all greater 
than 500 mg. per day, which is in the accepted 
range of the hemolytic anemias. In one instance, 
we were able to follow a man, F. T. (Figure 3), 
with 30 per cent third degree and 95 per cent total 
burn for a period of 33 days. At no time did his 
fecal urobilinogen return to normal even during 
a period when no transfusions were administered, 
and the hemolytic indices were constantly elevated. 
This indicates in this particular burn that continu- 
ous hemolysis played a significant part in the 
mechanism of the anemia. From the graph it 
can be seen that there was a constant and steady 
decline in the hemoglobin value despite multiple 
transfusions. 

Table II gives a composite picture of the chief 
results as regards the fecal urobilinogen. In so 
far as the fecal urobilinogen is concerned, we in- 
terpret these data in the following manner. There 
is usually evidence of increased hemoglobin break- 
down in third degree burns of less than 7 per cent 
of the body surface. In larger burns there is a 
greatly increased breakdown of hemoglobin as 
judged by the high excretions of fecal urobilinogen. 

The urine urobilinogen appeared to follow a 
fairly distinct pattern in nearly all patients in the 
three groups unless oral aureomycin was adminis- 
tered. This consisted of an early rise to abnormal 
values, usually within the first two or three days. 
In the group of severely burned patients this sub- 
stance attained very marked concentrations in the 
urine as shown in Table II. The urine urobilin- 
ogen values are tabulated as the highest one ob- 
served during hospitalization, and the value ob- 
tained on the third day after the burn. Group III 
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This patient with a severe burn demonstrated continuous and marked excretion of fecal urobilinogen and 
enormous increase in the urine urobilinogen immediately after injury and just before death. Despite daily 
transfusions except between the 11th and 20th days his hemoglobin dropped steadily, likewise during this same 
period the fecal urobilinogen remained elevated, and the hemolytic index was continuously increased. 


TABLE II 
Urine and fecal urobilinogen, hemolytic index, and serum bilirubin 
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* Diarrhea incomplete collection. 
t Only 40 gm. of feces obtained. 
No feces first nine days. 
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This demonstrates the effect of aureomycin on the fecal urobilinogen from the time 
of admission to the 35th hospital day. Oral aureomycin was not begun until the fifth 
post burn day, and the effect of intravenous aureomycin during the early period is 


equivocal. 


Note the drop in the hemoglobin and the rise in the serum bilirubin. 


Hemolytic indices could not be run because of the aureomycin effect. 


patients show the most marked concentrations, but 
elevations are present in all except those receiving 
aureomycin and in one patient with uremia and 
almost complete anuria. Both Figures 2 and 3, are 
representative examples of the changes seen in 
our patients. This increased excretion of uro- 
bilinogen in the urine we interpret as evidence of 
early and rather marked hepatic failure, failure to 
properly catabolize the portal blood urobilinogen. 
Hence it appears in the peripheral blood and is 
excreted in the urine. This subject is to be dealt 
with more fully in a later paper. 

One patient in Group I, J. B. (Figure 1) ; two 
patients in Group II, B. R. and B. C. (Figure 4) ; 
and two patients in the severely burned group, 
F. J. and O. B., were given either oral or parenteral 
aureomycin, or both, to observe the effect of this 
antibiotic on the excretion of urobilinogen in the 
urine and stool. 

briefly, bilirubin derived from hemoglobin is 
reduced by bacteria in the gastro-intestinal tract 
to mesobilirubinogen and stercobilinogen, both 
colorless compounds and conveniently grouped 
together with the name of urobilinogen because of 
an identical chromogenic reaction with Ehrlich’s 


reagent. These are apparently entirely of en- 
terogenous origin. Reabsorption of the urobilin- 
ogen takes place in the gut, and the liver effec- 
tively removes or catabolizes these substances in 
such a manner that only a small amount, up to 3 
mg. per day (actually in our experience only 1.5 
mg. per day), is excreted in the urine. 

Sborov and his associates have already dis- 
covered the effects of aureomycin on fecal uro- 
bilinogen due to its sterilizing effect on the fecal 
flora (20). Our experience in finding a marked 
reduction is nearly the same as theirs. It is in- 
teresting to record, however, that petroleum ether- 
soluble Ehrlich-reacting substances, presumably 
tetrapyrroles, were still present. These effects 
with aureomycin * are shown graphically in Figures 
1 and 4. 

B.R. (Table II) who suffered about 15 per cent 
third degree burn received both intravenous and 
oral aureomycin from the onset but severe nausea 
and vomiting make it uncertain as to how much 
oral aureomycin was retained. We observed that 


7 The aureomycin for these studies was generously sup- 
plied by the Lederle Laboratories Division, American 
Cyanamid Company. 
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no increase of the fecal urobilinogen occurred, but 
a significant rise in urine urobilinogen was evident. 
After aureomycin was stopped, and following a 
transfusion there was a sharp rise in fecal uro- 
bilinogen. The patient B. C. (Table II) with 12 
per cent third degree burn, received intravenous 
aureomycin initially with equivocal effect on the 
fecal urobilinogen. After the administration of 
oral aureomycin the amount of Ehrlich-reacting 
substances was less than 5 mg. per day. Likewise 
the urine urobilinogen was exceedingly low giving 
values of 0.1 to 0.2 mg. per day. Four days after 
discontinuing aureomycin the fecal urobilinogen 
rose to values which we have observed commonly 
in the convalescent phase of the moderately burned 
patient. The fecal urobilinogen values were ex- 
tremely low in a previous patient discussed (J. B., 
Figure 1), ranging between 0.6 and 6 mg. per day 
during the time when he was receiving oral 
aureomycin. 

As shown previously there is, in the severe 
group, a marked increase in the fecal urobilinogen, 
but in one patient, F. J., with 55 per cent third 
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degree burn who received aureomycin, and in 
whom other evidence of hemolysis was present, we 
observed the fecal urobilinogen did not increase, 
and the amount of Ehrlich-reacting compounds re- 
mained essentially the same, i.¢., less than 5 mg. 
per day and usually about 1.2 mg. per day. Like- 
wise, the urine urobilinogen in this patient was ex- 
tremely low ranging from 0.1 to 0.2 mg. per day. 
These observations naturally raise the question of 
whether the Ehrlich-reacting substance present 
after aureomycin is a urobilinogen, since it is 
rather constant even when the total amount of 
petroleum ether-soluble Ehrlich-reacting com- 
pounds varies over a wide range. 

The total urinary coproporphyrin excretion was 
studied in six patients who are in the following 
categories. Two in Group I, three in Group II, 
and one in Group III. Since this determination 
was not begun until late in the study, it does not 
include all patients. There was an increased ex- 


‘cretion of total urinary coproporphyrin in all pa- 


tients studied, and it did not appear to vary with 
severity of the burn. In four of these, normal 


W.B.11, NLM. 


7.0% THIRD DEGREE 
LOX TOTAL 


ONE MINUTE 
TOTAL 





URINE 8 
UROBILINOGEN 6 
MG PER DAY 











FECAL 
UROBILINOGEN 
MG PER cay 75 








0) 
HEMOLYTIC INDEX 


AUREOMYCIN 
MG PER Diy 


See 
0 TRANSFUSIONS 





65 20 25 3» 
DAYS AFTER BURN 


35 40 


Fic. 5. (W. B.) 

In this patient fecal urobilinogen was initially increased and intravenous 
aureomycin had no effect on either the fecal or urine urobilinogen excretion. 
Note the increased hemolytic index with a concomitant drop in hemoglobin. 
After two weeks and during convalescence the hemolytic index was low sug- 


gesting decreased heme breakdown. 
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Urine coproporphyrin excretion was increased in six patients who showed 


varying amounts of third degree burns. 


High initial values were observed in 


two patients, A. C. and J. B. Aureomycin was administered to five of these 
patients with no observable effect on the coproporphyrin excretion, which re- 


turned to normal or near normal in five patients as healing was complete. 


expired on the 19th day. 


values obtained upon admission became greatly 
elevated. In two others the values were greater 
than normal on admission and, therefore, may have 
resulted from some cause other than the burn. But 
in these patients the concentration increases over 
the admission value. Figure 6 shows the com- 
posite graph of the urine coproporphyrin in all 
patients. It was noted that in five of these pa- 
tients (J. B.,E.C., W.B., F. J., B. R.), oral auteo- 
mycin had no effect on the coproporphyrin excre- 
tion. Isomer analysis was not performed on any 
of these urines so that distribution of types can- 
not be determined. It would appear that the ex- 
cretion of urinary coproporphyrin is the greatest 


¥. 3. 


during the convalescent phase and remains ele- 
vated until healing is almost complete. 

Our study would make it appear that in the 
severely burned patient hemolysis must always be 
considered in the evaluation of the anemia and in 
the treatment of the early postburn phase. Even 
in the less severely burned patient hemolysis takes 


place. Brooks and his colleagues have demon- 
strated sludging of the red cells with subsequent 
agglutination and phagocytosis (21). Red cell 
destruction is associated with the opening of the 
porphyrin ring and subsequent degradation of he- 
moglobin to open chain tetrapyrroles. In our pa- 
tients the drop in hemoglobin, the rise in hemolytic 
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index, and often a rise in the indirect type of serum 
bilirubin are other experimental data to support 
this concept. In one severely burned patient there 
was evidence of hemolysis from admission to de- 
mise 32 days later. 

In the study of the burn patient during convales- 
cence and grafting, the ratio of the fecal urobilin- 
ogen to the total circulating hemoglobin would 
seem to point to decreased hemolytic activity, which 
may result from decreased hemoglobin synthesis. 
Actually the hemolytic index is lowered (W. B., 
Figure 5). Increased coproporphyrin excretion 
may also be a reflection of a disturbance in hemo- 
globin synthesis. 

The synthesis component of the anemia of burns 
has been very thoroughly discussed by Moore and 
his associates (1) and they have used the method 
of estimating the uptake of radioactive iron as a 
guide in evaluating the marrow depression. One 


study showing a low fecal urobilinogen excretion, 
and hence hemoglobin catabolism, with low he- 
molytic indices in the convalescent phase, sug- 
gests a decreased breakdown (Figure 5). We be- 
lieve that one of the most important factors in the 
apparent marrow depression is the presence of bac- 


terial growth on the burned area. The urinary 
coproporphyrin studies during the convalescent 
phase may favor this idea. However, the urinary 
coproporphyrin findings may be evidence of liver 
malfunction. 

Moore and his colleagues (1) described in- 
creases in urine urobilinogen in their patients, 
and our data is in agreement with their work. 
We interpret differently the increased quantity of 
urine urobilinogen even though there is an in- 
creased amount of fecal urobilinogen in the stool. 
The level of the urinary urobilinogen is probably a 
very sensitive index of liver cell function. In 
burns, what we are measuring by the urobilinogen 
excretion is not only evidence of hemolysis but also 
impairment of the ability of the liver to properly 
catabolize the increased amounts of this substance. 

The present studies would seem to answer the 
question concerning the occurrence of hemolysis. 
We believe that hemolysis occurs extensively, par- 
ticularly in the large burn, and must always be 
reckoned with in evaluating these patients. This 
study has not answered the second question entirely 
to our satisfaction. A continuous investigation of 
heme catabolism shows us there is a decreased 
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breakdown of heme products during the convales- 
cent phase of burns. It gives us very little insight 
into the mechanisms involved in this process. In 
severely burned patients, during the long convales- 
cent phase there may be considerable hemolysis 
taking place as evidenced by an increased hemo- 
lytic index and an increased fecal urobilinogen. 
Increased breakdown coupled with a depressed 
bone marrow would make the anemia more severe. 
As our work has indicated in one patient, in spite 
of a repeated transfusion, anemia progressed 
rapidly. 

No conclusion can be drawn about the effect of 
aureomycin as far as anemia of thermal burns is 
concerned, but we might draw some interesting 
speculation about urobilinogen metabolism and 
Ehrlich-reacting substances in the feces in patients 
who are receiving oral aureomycin. It would ap- 
pear that aureomycin can effectively sterilize the 
gastro-intestinal tract, so that at least the main re- 
duction agents of bilirubin are inhibited to such an 
extent that little or no reduction of bilirubin oc- 
curs. We, nevertheless, consistently found in the 
feces a small amount of Ehrlich-reacting sub- 
stances. Whether these small quantities are sepa- 
rate and entirely different compounds from uro- 
bilinogen we are unable to say. We are tempted 
to think they may be other substances since, in pa- 
tients in whom we expect large increases of uro- 
bilinogen, the detectible quantity of these com- 
pounds remains almost the same as that in patients 
who are excreting only an expected small amount 
of urobilinogen. 


CONCLUSIONS 


1. Hemolysis, as judged by fecal urobilinogen 
excretion compared to total circulating hemoglobin, 
occurs in burns of all degrees. It is very great in 
third degree burns of more than 20 per cent. 

2. There is usually a constant increase in the 
urinary urobilinogen noted on the third day after 
injury and this probably denotes early hepatic 
dysfunction and inability to properly catabolize an 
increased amount of urobilinogen. 

3. Oral aureomycin effectively reduces the fe- 
cal and urinary urobilinogen to very small amounts. 
It is questioned whether the petroleum ether- 
soluble Ehrlich-reacting substances found after 
oral aureomycin administration are urobilinogens 
or whether they are entirely different compounds. 
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4. Additional evidence is presented to show 
that the anemia of thermal burns is at first hemo- 
lytic, then dyshemopoietic. 
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In a previous communication it was demon- 
strated that an increased excretion of urine uro- 
bilinogen was an early and constant finding in 
thermal injury even in burns of a relatively small 
amount of third degree (1). Since this particular 
finding was interpreted by us as a manifestation 
of hepatic injury, we undertook the further study 
of certain liver function tests in burned patients, 
none of whom received sulfonamides, tannic acid 
or other escharing therapy. 

Bardeen published a review of the pathology of 
severe burns in 1899 and noted at that time changes 
in the liver and the kidney (2). Wolff, Elkinton 
and Rhoads demonstrated in three burn patients 
B.S.P. retention, slight icterus, and a decreased 
glucose tolerance as well as a decreased hippuric 
acid excretion test for liver function (3), and 
Boyce records similar observations and remarks 
upon the manifestation of jaundice in 65 per cent 
of the burn patients reported by him (4). 

The histopathology of liver changes from 21 to 
57 hours after injury has been described as fatty 
metamorphosis of the epithelial cells in the cen- 
tral zone of the hepatic lobules, and nuclear dam- 
age, especially karyolysis. After 57 hours there is 
slight enlargement, the liver is lighter yellow, 
greasy, friable, and has venous congestion of the 
“nutmeg” type. In addition there is evidence of 
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4 Surgical Research Fellow. 
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degeneration and necrosis (5). It was believed 
that the central rather than the peripheral zone 
was first affected. Gillman and Gillman examined 
the livers of 38 patients dying within one hour and 
up to 36 days after burns and showed fatty changes 
and atrophy of the cells in the central zone. 
Eight days seemed to be necessary for the devel- 
opment of a very fatty liver, and it would appear 
that tannic acid intensified the tendency toward 
necrosis, which they believe present in some pa- 
tients with burns. However, the majority of the 
microscopic liver changes were insufficient to ac- 
count for a fatal termination. They concluded that 
if the liver contributed to death it did so through 
altered biochemical effects. It was the opinion of 
some that tannic acid therapy was responsible for 
precipitating liver damage (6) and the liver dam- 
age from tannic acid was central in character (7). 
Duffin reports an autopsied case with severe liver 
failure (8). Hepatic necrosis by his standard oc- 
curred in only six patients. Baker made an analy- 
sis of 87 autopsied burns on whom liver sections 
were available. In 56 death occurred before the 
sixth day. In only three of these was necrosis 
sufficient to involve nearly one-half the liver lobule, 
and all of these succumbed on the eighth day after 
burning. None received tannic acid. He con- 
cludes that minimal hepatic necrosis may appar- 
ently be caused by burns. Histologically demon- 
strable fat was frequently seen in those patients 
dying in the first 24 hours, and in those dying 
after four weeks. He concludes that necrosis of 
the liver is not a lesion characteristic of burns (9). 

Hartmann and Romence studied liver damage 
in dogs and found gross enlargement of both the 
liver and spleen (10). In acute experiments of 
four to ten days, histopathology demonstrated 
hepatic lesions ranging from marked congestion 
of the sinusoids and compression of the liver cords 
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to varying amounts of granular, vascular, and fatty 
degeneration. Central necrosis occurred in eight 
to ten days, and liver function was depressed. 
They did not find the picture of acute liver insuffi- 
ciency. Belt (11) believes the liver necrosis fol- 
lowing burns simulates the lesions of yellow fever 
and described Councilman bodies and nuclear in- 
clusion bodies. His patients had tannic acid treat- 
ment. 
METHODS AND MATERIALS 


Fifteen burn patients admitted to the Burn Service of 
the Department of Surgery of the Medical College of 
Virginia were selected for study. The majority of the 
burns were usually of the free fire type from kerosene 
explosions on wood stoves or blazing clothing. Blood 
for liver function tests was taken on admission and re- 
peated at intervals during the course of the treatment. 
In some instances only one set of determinations could 
be obtained because of early demise or difficulty in ob- 
taining blood. Treatment in all cases was essentially the 
same and employing pressure bandages without debride- 
ment. Parenteral antibiotics, whole blood and replace- 
ment fluid therapy were used as needed clinically. No 
tannic acid, escharing agent, or sulfonamides were em- 
ployed. In some instances the patients during the course 
of study were on a special liquid diet providing 100 Gm. 
of protein, with sufficient fat and carbohydrate to give 
an average of 45 Calories per kilogram, and vitamin sup- 
plements as recommended by the National Research 
Council. Foe ee ee 

The following liver function tests were performed: 
Bromsulfalein retention using 5 mg. per kilogram and 
taking a 45 minute sample (12); cephalin-cholesterol 
floccuiation at the modified pH of 7.4 (13); thymol tur- 
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bidity (14); prothrombin time employing the one stage 
method of Quick (15); total protein and albumin-globu- 
lin ratio (16) ; the serum bilirubin employing the Ducci- 
Watson modification of the Malloy and Evelyn tech- 
nique (17) ; and the quantitative urine urobilinogen (18). 

As in a previous study the patients were separated into 
three clinical groups on the basis of the amount of surface 
area involved by third degree burn. There were five 
patients in Group I who had burns of from 0 to 11 per cent 
third degree; three in Group II, 12-20 per cent; and 
seven whose burns were greater than 21 per cent in 
Group III. 

Autopsy material was obtained on five of the six pa- 
tients in Group III, all of whom expired. 


RESULTS AND DISCUSSION 


Table I gives the composite results of the liver 
function tests on all 15 patients as performed 
within the first ten days (usually within the first 
five days) after the burn. The most constant find- 
ing is an increased amount of urobilinogen in the 
urine, which in one instance reached as high as 
75 mg. per day. 

In the five patients who had less than 10 per 
cent third degree burns we see there was bromsul- 
falein retention of greater than 20 per cent in two 
of the three patients in whom this test was per- 
formed. In four of the five patients there was an 
elevation of the thymol turbidity test to greater 
than four units which is considered the upper limit 
of normal in our laboratory. Two of the four pa- 
tients in whom the cephalin-cholesterol floccula- 
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Total 
serum proteins were slightly lowered in all ex- 
cept one of these patients, and the albumin-globu- 


tion tests were done showed elevated values. 


lin ratios were decreased. 

In one patient who was followed for a period 
of about 60 days, and whose protocol is shown in 
Table II we see a constant bromsulfalein retention 
until the time of complete healing. Cephalin 
flocculation, and thymol turbidity were increased 
at first, but the thymol turbidity was not abnormal 
after the tenth post-burn day. In this instance re- 
peated determination of the serum bilirubin was 
normal, and the urine urobilinogen excretion did 
not become abnormal at any time, but the urinary 
coproporphyrin ® was definitely elevated until just 
before complete healing was accomplished and the 
patient discharged. The total protein data showed 
an initial low normal total protein with a normal 
ratio of albumin and globulin, but by the seventh 
day the albumin fraction had decreased so that 
the globulin was now greater, and there remained 
a disturbance of this ratio for the mext 40 days, 
despite an adequate protein intake of over 100 Gm. 
per day with a caloric intake of 45 Calories per kilo- 


grain. Identical changes in the total protein and al- 


bumin-globulin ratios were observed in the three 


6 These data have been presented elsewhere (1). 


BURNS. II. 


Prothrombin 


LIVER FUNCTION 


M., 35, 4 per cent third degree burn 


Serum bilirubin 
Total 
protein 


Albumin Globulin A/G ratio 


1 min. total 


Gm. per cent Gm. per cent Gm. per cent mg. per cent mg. per cent 


0.12 
0.07 


1.09 
0.71 


6.58 7 
re | 3. A | 
5.58 yA 8. 
5.8 2 


3.87 


a] 

) 0.11 0.40 
11 0.18 

14 one 

0.30 

0.46 


0.12 
0.46 
1.03 


0.55 
0.56 


0.71 


other patients in this group. The only patient who 
did not show the reversal of the A/G ratio and no 
decrease in the total protein was a boy with a 35 
He also 


did not show any change in the B.S.P. retention. 


per cent first and second degree burn. 


In three patients (Table 1) who had greater 
than 10 per cent third degree burn, but less than 
20 per cent burn, all showed B.S.P. retention, but 
The 


cephalin flocculation was abnormal in two patients 


in one of them it was only 7.9 per cent. 


but the changes in the thymol turbidity were not 
marked. Two patients received aureomycin and 
in one the urine urobilinogen excretion was modi- 
fied by this drug. The other, B. R., had an in- 
creased excretion of urinary urobilinogen prob- 
ably because severe nausea and vomiting pre- 
Table 


I gives the other data collected for these three 


vented retention of the oral aureomycin. 


patients. 

In one patient, B. C., who was followed for as 
long as 135 days there was an abnormal B.S.P. re- 
tention for over a month. Table ITI gives the com- 


plete data. He had an increased “indirect” serum 


bilirubin the second day after the burn. In spite 
of an adequate diet with a protein intake of over 
100 Gm. daily there was a marked alteration of 
the albumin-globulin ratio and a lowered total se- 
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B. C., W. M., 60, 11.5 per cent third degree burn 


Prothrombin 
concentra 
tion 


Thymol 
turbidity 
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retention 
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Even at 96 days following the burn 
The 


same changes were observed in two other patients, 


rum protein. 
total serum proteins were still abnormal. 


both of whom had adequate dietary intake. 

In six patients who had burns of greater than 20 
per cent third degree the changes in the liver func- 
All pa- 
tients had a marked retention of the B.S.P. dye. 


tion were seemingly much more marked. 


In all except two the cephalin flocculation was 
three plus or greater and there was a marked in- 
crease in the urine urobilinogen in all except one 
(QO. B.) who developed severe oliguria and uremia. 
Four patients developed jaundice and five showed 
significant increases in the one minute fraction of 
the this 
group was followed for a period of 32 days before 


bilirubin determination. One man in 


his death and he developed outstanding changes in 
The 


albumin fraction remained for long periods around 


the total protein and albumin-globulin ratio. 


1 Gm. and the total protein slightly over 5 Gm. per 
cent. These data are presented in Table IV. 
Electr yphoretic studies of the serum pre teins were 
performed on many of the patients reported in this 
paper. Changes were evident in all the protein 
fractions. This work is to be reported elsewhere 


(19). 
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In all third degree burns from the small to the 
most extensive there appears to be involvement of 
the functional state of the liver as judged by the 
usual liver function tests. It is suggested by our 
data that the more extensive the burn the greater 
the functional damage. 

All of our patients who had more than the 20 per 
cent third degree burn succumbed and autopsies 
were performed on five of the six. The autopsy 


material demonstrated pathologic changes in the 
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ANEMIA OF THERMAL BURNS. Il. LIVER FUNCTION 


livers of all the patients who died. There did not 
appear to be any definite pattern of pathologic al- 
teration. In one man, F. T., with 30 per cent 
third degree and 95 per cent total burn who lived 
for 32 days the histology of the liver showed cen- 
tral vein changes, with sinusoidal congestion and 
generalized cloudy swelling and fat deposition more 
marked in the peripheral zones of the liver lobule. 
Many of the von Kupfer cells contained yellowish 
pigment, slightly granular in quality, which might 
be iron. These changes may be seen in Figures 1 
and la. In another, O. B., a 29 year old negro fe- 
male with 65 per cent third degree, there was a 
marked central congestion, degeneration, and ne- 
crosis, with an accumulation of polymorphonuclear 
neutrophiles in this area. As in F. T., yellowish 
brown pigment was prominent in the von Kupfer 
cells. In the areas of necrosis were observed 
macrophages with eosinophilic cytoplasm, and in 
the midzonal regions in addition to polymorpho- 
nuclear infiltration there were accumulations of 
lymphocytes with macrophages which appeared to 
be erythrophagocytic. Figures 2 and 2a show these 
changes. In another patient, G. L., a 51 per cent 
third degree, there were changes showing sinusoidal 
congestion, cloudy swelling, and minimal fatty de- 
generation in the central vein area. There ap- 
peared to be some increase in lymphocytes in the 
portal area. No focal necrosis was seen. The 
von Kupfer cells in some places appeared promi- 
nent. Figures 3 and 3a show the pathological 
changes. 

That these changes occur early is indicated by 
the last two cases described. Both patients had 
severe burns and lived five and four days respec- 
tively. The necropsies were done within five hours 
post-mortem. The possibility that the changes 
observed were due to post-mortem autolysis is 
unlikely. 

The weights and gross appearance of the liver 
is recorded in Table V. Generally there was not 
much to be observed from the gross specimens, 
other than slight enlargement. Gross fatty changes 
were not prominent. 

It would appear from these observations that in 
addition to changes in liver function tests, there 
are histopathological changes in the liver. No 
correlation exists, and we have no biopsy data 
on the less severe burns. The mechanism by which 


TABLE \V 


} Amount} Hours 
Patient | of third post- Weight Description 
egree | mortem 
per cent 
Pr. t, 30. CO 12 2,35 External surface smooth 
M., 30 | edges rounded, reddish 
brown in color. Cut sur 
face bleeds easily. 

1,800 Firm, smooth, light brown 
in color. Few pale areas 
in parenchyma 

1,870 Bluish red, with firm con 
sistency; internal architec 
ture and vascular mark 
ings prominent. 

Surtace pale yellowish and 
smooth; cut parenchymal 
surface bulges; lobular 
pattern distinct and gen 
erally yellowish color 
ut surface is fatty, bulges; 
congestion in the center ot 
the lobule 


| 
| 
} 
| 


these changes were produced is not evident, but 
speculation leads us to wonder about the absorption 
of products of tissue disintegration from the burned 
surface. Shock was prevented and we have no 
reason to believe that there was a diminution of 
blood flow to the liver to produce these changes. 
Hourly urine output was good and was used as an 
index of renal blood flow. Certainly the greater 
the amount of third degree burn the more marked 
were the changes in liver function. We would 
tend to agree with the statements of Gillman and 
Gillman (5), that if the liver plays a part in caus 
ing the death of the burned individual it does so at 
a level where fundamental biochemical processes 


involving protein synthesis, detoxification, and 
probably reticulo-endothelial activity are impaired. 
The finding of erythrophagocytosis in one patient 


suggests that mechanism may play a part in the 
anemia of thermal burns. 

The early appearance of changes in liver func 
tion suggests the advisability of initiating im 
mediate preventive therapy against liver damage 
whether it be due to the absorption of products of 
tissue damage or due to profound alterations in 
hepatic physiology produced by a sudden stress 
phenomenon. Preliminary trials by us, using die- 
tary measure and in one patient lipotropic agents 
such as methionine, have been generally inef- 
fective. By diminishing the reabsorption of uro- 
bilinogen, we thought we might remove a func- 
tional load on the liver, and so aureomycin was ad- 
ministered orally. We observed rio beneficial ef- 
fect of aureomycin in these individuals in so far 
as changes in the liver function are concerned 
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Figures 1 and la are taken of liver sections from patient F. T. who had 30 per cent 
third degree and 95 per cent total burn. Note the generalized cloudy swelling, sinu 
soidal congestion, and the fatty infiltration and fat lobules in the portal areas. There 


was marked urine urobilinogen excretion just prior to death 
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Fic. 2a 
Figures 2 and 2a are taken of the liver sections from the patient O. B. with 65 per 
cent third degree burns. Note the marked sinusoidal congestion, areas of focal 
necrosis, and cloudy swelling. Eosinophilic macrophages were present and erythro 


phagocytosis observed. In some areas hyalinized eosinophilic bodies were seen 
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Figures 3 and 3a are from the liver sections of G. L. who suffered a 51 per cent 
third degree burn. There is sinusoidal congestion, cloudy swelling, and minimal 
fatty degeneration in the central vein areas. No focal necrosis was observed. 
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Two of the patients were on diets which provided 
very high protein and carbohydrate intakes with 
practically no fat. Milk protein and milk products 
formed the base of the diets and vitamin supple- 
ments were given in the quantities recommended 
by the National Research Council. The patients 
on this regime still manifested marked changes in 
the albumin-globulin ratio and in the B.S.P. re- 
tention as well as in the other liver function tests 
employed. We might speculate that this apparent 
disturbance in protein synthesis and/or excessive 
albumin loss probably has some part in the anemia 


of thermal injury through impaired globin synthe- 


sis. 
CONCLUSIONS 

Minor to extensive third degree burns show 
-arly impairment of the liver function as judged 
by changes in the liver function tests employed in 
this study. The more severe the burn the greater 
the amount of change in liver function. 

One of the most constant changes was the in- 
crease in urine urobilinogen excretion and altera- 
tions in the albumin-globulin ratio, both considered 
to be sensitive evidences of liver function. 

Autopsy material on five fatal burns showed no 
constant histopathological change, but there was 
evidence of fatty infiltration, cloudy swelling, in- 
creased pigments in the reticulo-endothelial cells, 
focal necrosis, and congestion in the liver substance. 

More study is necessary to understand the 
mechanism whereby liver function failure occurs 
and attention should be directed at the prevention, 
as well as treatment, of liver dysfunction in severe 
burns. 
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INTRODUCTION 


An effect of steroidal hormones upon cerebral 
metabolism was suggested by Selye’s (1) observa- 
tion that steroids possess anesthetic properties 
when administered to experimental animals. Gor- 
dan and Elliott (2) subsequently showed that cer- 
tain steroids inhibit glucose utilization by rat brain 
in vitro and that their comparative inhibitory ac- 
tivity parallels their reported anesthetic potency. 
were confirmed by Hayano, 
The possibility that 


These observations 
Schiller, and Dorfman (3). 
steroidal inhibition of cerebral oxidative processes 
may be a physiological occurrence was demon- 
strated by Eisenberg, Gordan, and Elliott (4, 5). 


They found that deprivation of gonadal steroids by 


castration produces an increase in the rate of glu- 
cose utilization by rat brain and that the im wivo 
administration of testosterone, as well as other 
steroids with the androstene nucleus, prevents the 
characteristic rise. Desoxycorticosterone was the 
most potent of the steroidal compounds tested. 

Evidence of an in vivo action of steroidal hor- 
mones on cerebral functions in man may be in- 
ferred from the observations of Pincus and Hoag- 
land (6-9). In controlled studies, they found that 
the administration of pregnenolone to human sub- 
jects results in a significant lowering of fatigue re- 
sponses to psychomotor tests. It is of interest that 
euphoria, depression, and exhilaration have been 
reported from the administration of various ster- 
oids in man (8-13). 

The known anticonvulsive activity of desoxy- 
corticosterone further suggests a steroidal influ- 


ence on cerebral processes. Woodbury and Daven- 


! Aided by a cooperative grant between the National 
Heart Institute and the University of California and a 
grant-in-aid from the Research Committee of the Uni 
versity of California 
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that the lowered 


threshold of 


have demonstrated 


(14) 


electro-shock 


port 
seizure adrenalecto- 
mized animals may be restored to normal levels, 
and that it may be increased above normal in intact 
animals by desoxycorticosterone acetate. In hu- 
man epileptic patients, the anticonvulsive activity 
Mc- 
Quarrie, Anderson, and Ziegler (15) and Aird 


and Gordan (16) have reported a reduction in the 


of this steroid has also been demonstrated. 


frequency of convulsive episodes of epileptic pa- 
Des- 


oxycorticosterone glucoside, an active water-solu- 


tients receiving desoxycorticosterone acetate. 


ble preparation of desoxycorticosterone, has been 
shown to reduce the electro-encephalographic ab- 
normalities of epileptic patients (16). 

These considerations have stimulated further 
investigation of steroidal activity upon cerebral 
metabolism in man. There is a suitable method, 
the nitrous oxide technique of Kety and Schmidt 
(17, 18), for the determination of cerebral blood 
flow in man. An estimation of the rate of cerebral 
blood flow permits a computation of the rate of 
utilization or production by the brain of any sub- 
stance which can be accurately analyzed in blood. 
A steroidal compound well adapted for use in 
short-term studies in man is also available in the 
potent, water-soluble desoxycorticosterone gluco- 
(DCG).° workable 


method for the estimation of the rate of cerebral 


side The conjunction of a 
blood flow and an active, water-soluble steroid has 
made feasible a measurement of steroidal effects on 
the metabolism of the human brain 77 vivo. 


METHOD 


Cerebral blood flow (CBF) and cerebral metabolic 
rate (CMR) were estimated in 15 human subjects by the 


original nitrous oxide method of Kety and Schmidt (17, 

The desoxycorticosterone glucoside used in this study 
was generously furnished by Ciba Pharmaceutical Prod 
ucts, Inc., Summit, New Jersey 
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18). Of the patients studied, seven had no endocrine dis- 
ease, one had mild diabetes mellitus controlled by diet 
alone, two had been castrated for prostatic carcinoma, 
one represented Klinefelter’s syndrome with hypoley- 
digism, and four had chromophobe adenomas with sec- 
ondary hypogonadism. The subjects received no medica- 
tions for 24 hours or more before the study and hor- 
monal medications had been withheld for the preceding 
two or more weeks. 

With the fasting subject supine, needles were inserted 
into the jugular bulb and either the femoral or internal 
carotid artery and connected to heparinized manifolds as 
described by Kety and Schmidt. In order to avoid the 
effects of emotional stimuli, as stressed by Scheinberg and 
Stead (19), no further procedures were undertaken un- 
til a steady state was achieved as determined by stable 
cardiac rate and blood pressure. In 14 of the 15 patients, 
two determinations of the rate of cerebral blood flow were 
made consecutively. Twenty minutes were allowed to 
elapse after the control determination to permit expira- 
tion of nitrous oxide, and a second blood blank for ni- 
trous oxide was obtained in each case. Prior to pro- 
ceeding with the second cerebral blood flow determination, 
specimens for control glucose levels of arterial, cerebral 
venous and, in seven cases, peripheral (antecubital) ve- 
nous blood were obtained. All of these were drawn si- 
multaneously at two-minute intervals until three sepa- 
rate sets of control specimens had been obtained. 

Immediately after the third set of control samples for 
glucose determination were taken, 50 mgm. of DCG were 
injected intravenously and a second determination of the 
cerebral blood flow was made without delay. Blood sugar 
values were determined on aliquots of the simultane- 
ously drawn experimental specimens of arterial and cere- 
bral venous blood throughout the procedure for com- 
parison with the previously drawn control specimens. 
Following completion of the second cerebral blood flow 
determination, two additional sets of specimens were ob- 
tained for analysis of sugar levels at three-minute in- 
tervals. When peripheral (antecubital) venous speci- 
mens were obtained, they were drawn simultaneously with 
the arterial and cerebral venous specimens. During each 
cerebral blood flow determination, arterial and cerebral 
venous oxygen and carbon dioxide content was determined 
upon separate specimens consisting of 5 cc. of blood drawn 
immediately before the first CBF sample and an equal 
amount drawn into the same syringe directly following 
the five-minute CBF specimen. 

Blood oxygen and carbon dioxide analyses were made 
in duplicate by the manometric technique of Van Slyke 
and Neill (20), as modified by Kety and Schmidt (18). 
Blood sugar content was determined by the iodometric 
titration method of Somogyi (21, 22) and yielded results 
reproducible within 1 per cent. In accordance with the 
injunction of Somogyi (23) that, when dealing with 
changes in arterio-venous glucose difference, accurate 
analytical methods must be selected and employed with 
meticulous care, all glucose determinations were per- 
formed in duplicate by one of us (R.C.B.). Mean arterial 
blood pressure was obtained directly from the femoral or 
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carotid artery by means of an air-damped mercury 
manometer connected to the arterial manifold. Cerebral 
oxygen consumption, cerebral glucose consumption or 
production, and cerebral carbon dioxide production were 
calculated from the rate of cerebral blood flow by the 
formulae of Kety and Schmidt. 


EXPERIMENTAL DATA 


Experimental data are presented in Table I. 
For each function measured, the mean value and 
the standard deviation of the mean is included. 

Striking and rapid effects were noted upon 
blood sugar levels following administration of 50 
mgm. of DCG. Uniformly, the cerebral venous 
glucose concentration rose significantly—in eight 
instances above the arterial level—effecting in 13 
of the 15 cases a reduction in the cerebral arterio- 
venous glucose difference. While the individual 
changes in the arterial and peripheral (antecubital ) 
venous blood sugar concentrations were incon- 
sistent and not marked, a small,: but statistically 
significant (p < 0.01), rise occurred in both the 
mean arterial and the mean antecubital venous 
blood sugar concentrations following the ad- 
ministration of DCG. Examples of the glucose 
concentration curves are shown in Figures 1 and 
2. It should be noted that the changes in glucose 
concentration occurred without alteration in the 
rate of cerebral blood flow. Figure 3 depicts the 
change in mean cerebral arterio-venous glucose 
difference produced by DCG. This demonstrates 
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EFFECT OF DCG ON CEREBRAL BLOOD FLOW AND METABOLISM 
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Fic. 2. Errect or DCG on SuGar ConTENT oF ARTERIAL 

AND ON CEREBRAL AND PERIPHERAL VENOUS BLOoopD 


Note prompt rise of cerebral venous sugar level above 
arterial glucose concentration in contrast to stable periph- 
eral venous glucose level. 


an increase of the mean cerebral venous glucose 
concentration above the mean arterial glucose 
concentration after administration of DCG, and, 
in conjunction with the statistically significant 
change in CMRgiucose, is interpreted to indicate 
liberation of glucose from the brain.‘ 

The mean rates of cerebral blood flow, oxygen 
consumption, and carbon dioxide production did 
not change significantly. As previously noted by 
Green and his associates (24), DCG did not alter 
the mean arterial blood pressure or cardiac rate. 
No immediate or subsequent clinical effects were 
apparent. 


DISCUSSION 


These experimental findings lend the support 
of quantitative measurements in man to the thesis 
that steroidal hormones may affect cerebral carbo- 
hydrate metabolism. The consistently observed 
increase in cerebral venous glucose concentration, 
with a decrease in the cerebral arterio-venous glu- 
cose difference produced by DCG in the absence 
of increased cerebral blood flow, could have re- 
sulted from either diminished cerebral utilization 
of glucose, liberation of sugar by the brain, or both. 
An increase in the sugar concentration of the 


4As performed, the Somogyi method is a measure of 
reducing substance content, almost exclusively monosac- 
charides. Subsequent to the preparation of this report, 
we have found that the bulk of the reducing substance 
liberated into the cerebral venous blood is non-fermenta- 
ble, and preliminary attempts at identification suggest 
galactose. 
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cerebral venous blood above that of arterial blood 
obtained simultaneously indicates liberation of 
sugar by the brain. From these observations alone, 
however, it is not possible to conclude that there is 
not also an alteration of the cerebral utilization of 
glucose. 

From the present data, the mechanism and 
specificity of this effect may be only conjectured. 
Of the several possible sources for the sugar 
liberated from the brain following DCG, a deriva- 
tion from intracellular glycogen stores may be 
considered. Kerr and Ghantus (25) have demon- 
strated sufficient quantities of glycogen in the 
brains of dogs and rabbits to account for the 
amount of sugar “liberated” following injection 
of DCG. The presence of some endogenous sub- 
strate in human brain which can be utilized for 
cerebral oxidative processes in vitro is suggested 
by Elliott, Sutherland, and Boldrey (26). They 
found that the oxygen consumption of slices of 
human cerebral cortex was maintained for a sig- 
nificantly longer period in the absence of a glucose 
substrate than was the oxygen consumption of 
rat brain, which dropped off rapidly. If this sub- 
strate is glycogen, the glycogenolytic potentiality 
of desoxycorticosterone reported by Verzar and 
Wenner (27) would be in harmony with our ob- 
servations. 

Other sources must also be considered, among 
them the intracellular and extracellular glucose 


yet 
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Fic. 3. CEREBRAL ARTERIO-VENOoUS GLUCosE DIFFER- 
ENCE: MEAN VALUES For 15 SuBJEcTS BEFORE DCG anp 
AT THE PEAK RESPONSE AFTER DCG 

Positive value before DCG indicates that the arterial 
glucose concentration is higher than the cerebral venous 
glucose level (glucose utilization). Negative value after 
DCG indicates that the cerebral venous glucose level ex- 
ceeds the arterial concentration (glucose “liberation”). 
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and cerebral galactosides, but data regarding these 
are not yet available. Further studies to extend 
these observations and their specificity are in 
progress. 

No significant alteration in the mean CM Ro, or 
CMRco, Was observed, indicating that desoxycorti- 
costerone glucoside does not influence the aerobic 
phase of cerebral energy metabolism as an immedi- 
ate general effect, although it may alter the sub- 
strate. However, it is interesting that the cerebral 
metabolic rate was diminished following adminis- 
tration of DCG in all but one ortho-steroidal sub- 
ject and that no change or only a slight increase in 
cerebral metabolic rate was apparent in all hypo- 
steroidal subjects. Until the individual groups 
are expanded, it is not possible to establish the sig- 
nificance of this observation. In this connection 
it is recognized that the data included in the pres- 
ent paper group together observations made upon 
individuals with divergent endocrine states. The 
data suggest that enlargement of the groups may 
eliminate some of the variability due to the lump- 
ing together of non-comparable individuals. The 
fact that the standard deviations of the mean in 
this study are somewhat greater than those re- 
ported by other workers may, in part, be explained 
on this basis. 

While the arterio-venous sugar difference re- 
flected in the cerebral circulation is altered, no 
such change occurs in the peripheral arterio- 
venous glucose difference, suggesting the absence 
of an immediate effect of desoxycorticosterone glu- 
coside upon the glucose metabolism of the muscu- 
lar tissues of the forearm. The small but signifi- 
cant rise in the mean arterial glucose concentration 
following administration of DCG might be ac- 
counted for by liberation of glucose from other 
sources, possibly the liver. 


SUMMARY 


1. The effects of desoxycorticosterone glucoside 
upon the cerebral utilization of oxygen and glucose 
and the production of carbon dioxide in human 
subjects has been studied by the nitrous oxide 
technique of Kety and Schmidt. 

2. Administration of DCG produced a rise in 
the cerebral venous sugar concentration above 
the arterial level, indicating that this compound 
causes liberation of sugar from the brain. 


R. C. BENTINCK, G. S. GORDAN, J. E. ADAMS, L. H. ARNSTEIN, AND T. B. LEAKE 


3. A small, but significant, increase in arterial 
glucose concentration also occurred, suggesting 
liberation of glucose from other sources, possibly 
the liver. 

4. Preliminary data suggest a different response 
to DCG between individuals with normal and de- 
ficient steroidal status. 

5. The mean arterial blood pressure, cardiac 
rate, and rate of cerebral blood flow were not al- 
tered by DCG. 


REFERENCES 


. Selye, H., Anesthetic effect of steroid hormones. 
Proc. Soc. Exper. Biol. & Med., 1941, 46, 116. 

. Gordan, G. S., and Elliott, H. W., The action of di- 
ethylstilbestrol and some steroids on the respiration 
of rat brain homogenates. Endocrinology, 1947, 41, 
517. 

. Hayano, M., Schiller, S., and Dorfman, R. I. In- 
fluence of various steroids on the oxidative func- 
tion of rat tissue preparations. Endocrinology, 
1950, 46, 387. 

. Eisenberg, E., Gordan, G. S., and Elliott, H. W., The 
effect of castration and of testosterone upon the 
respiration of rat brain. Science, 1949, 109, 337. 

. Eisenberg, E., Gordan, G. S., and Elliott, H. W., 
Effect of various steroids on aerobic respiration of 
the brain of the castrate male rat. Federation 
Proc., 1950, 9, 269. 

. Hoagland, H., Adventures in biological engineering. 
Science, 1944, 100, 63. 

. Pincus, G., and Hoagland, H., Effects of administered 
pregnenolone on fatiguing psychomotor perform- 
ance. J. Aviation Med., 1944, 15, 98. 

. Pincus, G., and Hoagland, H., Effects on industrial 
production of the administration of A5 pregneno- 
lone to factory workers. I. Psychosom. Med., 1945, 
7, 342. 

. Pincus, G., Hoagland, H., Wilson, C. H., and Fay, 
N. J., Effects on industrial production of the ad- 
ministration of A5 pregnenolone to factory workers. 
II. Psychosom. Med., 1945, 7, 347. 

. Hench, P. S., Kendall, E. C., Slocumb, C. H., and 
Polley, H. F., The effect of a hormone of the 
adrenal cortex (17-hydroxy-11-dehydrocorticoster- 
one: Compound E) and of pituitary adrenocortico- 
trophic hormone on rheumatoid arthritis. Proc. 
Staff Meet., Mayo Clinic, 1949, 24, 181. 

. Sprague, R. G., Power, M. H., Mason, H. L., Albert, 
A., Mathieson, D. R., Hench, P. S., Kendall, E. C., 
Slocumb, C. H., and Polley, H. F., Observations 
on the physiologic effects of cortisone and ACTH 
in man. Arch. Int. Med., 1950, 85, 199. 

. Hoagland, H., and Pincus, G., Pituitary-adrenocorti- 
cal function in patients with severe personality 
disorders. Proc. First Clin. ACTH Conf., 1950, 1, 
544. 








EFFECT OF DCG ON CEREBRAL BLOOD FLOW AND METABOLISM 205 


. Lewin, E., and Wassén, E., Effect of combined injec- 
tions of deoxycortone acetate and ascorbic acid 
on rheumatoid arthritis. Lancet, 1949, 2, 993. 

. Woodbury, D. M., and Davenport, V. D., Brain and 
plasma cations and experimental seizures in nor- 
mal and desoxycorticosterone-treated rats. Am. 
J. Physiol., 1949, 157, 234. 

. McQuarrie, I., Anderson, J. A., and Ziegler, M. R., 
Observaticns on the antagonistic effects of poster- 
ior pituitary and corticoadrenal hormones in the 
epileptic subject. J. Clin. Endocrinol., 1942, 2, 
406. 

. Aird, R. B., and Gordan, G. S., The anticonvulsive 
properties of desoxycorticosterone. J.A.M.A. (in 
press). 

. Kety, S. S., and Schmidt, C. F., The determination 
of cerebral blood flow in man by the use of ni- 
trous oxide in low concentrations. Am. J. Physiol., 
1945, 143, 53. 

. Kety, S. S., and Schmidt, C. F., The nitrous oxide 
method for the quantitative determination of cere- 
bral blood flow in man: theory, procedure and 
normal values. J. Clin. Invest., 1948, 27, 476. 

. Scheinberg, P., and Stead, E. A., Jr., The cerebral 
blood flow in male subjects as measured by the ni- 
trous oxide technique. Normal values for blood 
flow, oxygen utilization, glucose utilization, and 
peripheral resistance, with observations on the ef- 


fect of tilting and anxiety. J. Clin. Invest., 1949, 
28, 1163. 


. Peters, J. P., and Van Slyke, D. D., Quantitative 


Clinical Chemistry. Williams & Wilkins, Balti- 
more, 1946, Vol. I, 2nd edition. 


. Somogyi, M., A new reagent for the determination of 


sugars. J. Biol. Chem., 1945, 160, 61. 


. Somogyi, M., Determination of blood sugar. J. Biol. 


Chem., 1945, 160, 69. 


. Somogyi, M., Studies of arteriovenous differences in 


blood sugar. II. Effect of hypoglycemia on the rate 
of extrahepatic glucose assimilation. J. Biol. 
Chem., 1948, 174, 597. 


. Green, D. M., Johnson, A. D., Bridges, W. C., Leh- 


mann, J. H., and Gray, F., Effects of desoxycorti- 
costerone glucoside on cardiac and renal func- 
tion. Federation Proc., 1950, 9, 278. 


. Kerr, S. E., and Ghantus, M., The carbohydrate 


metabolism of brain. II. The effect of varying 
the carbohydrate and insulin supply on the gly- 
cogen, free sugar, and lactic acid in mammalian 
brain. J. Biol. Chem., 1936, 116, 9. 


. Elliott, H. W., Sutherland, V. C., and Boldrey, E. B., 


Respiration of human brain slices and the effects 
of morphine and methadon on oxygen uptake. 
Federation Proc., 1949, 8, 288. 


. Verzar, F., and Wenner, V., The influence in vitro of 


desoxycorticosterone on glycogen formation in mus- 
cle. Biochem. J., 1948, 42, 35. 





THE RELATION BETWEEN PROTEIN CONSUMPTION AND DI- 
URNAL VARIATIONS OF THE ENDOGENOUS CREATININE 
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In a previous paper based on the same study 
(1), it was shown that the serum urea concen- 
tration of subjects with intact renal function in- 
creases with protein consumption. In contrast, 
the serum creatinine concentration in such sub- 
jects was shown to be independent of protein con- 
sumption (2). It has long been known that en- 
dogenous urea excretion increases with the pro- 
tein consumed, while the rate of endogenous cre- 
atinine excretion has been shown to be relatively 
independent of the amount of protein consumed 
(3). 

Popper and Mandel (4) first utilized the endoge- 
nous creatinine clearance in man as a measure of 
the glomerular filtration rate. Steinitz and Tiirk- 


and (5) found a good correspondence between the 
inulin and endogenous creatinine_ clearances in 


normal subjects. More recently Brod and Sirota 
(6) have studied the endogenous creatinine chro- 
mogen/inulin clearance ratio in man, and con- 
cluded that the endogenous creatinine clearance 
corresponds closely to the inulin clearance in nor- 
mal subjects. Discrepancies which appear in sub- 
jects with renal disease and markedly impaired 
renal function, are not sufficient to affect seri- 
ously the clinical value of the test as a general 
indicator of renal competence. This judgment has 
been confirmed by Camara (7), as well as by nu- 
merous clinical observations of our own. 

Miller and Dubos (8) showed that creatinine 
is not the only chromogen in human serum that 
produces color in the Jaffé reaction. The ratio of 
such “pseudocreatinine” to creatinine is higher 
in azotemic individuals. Brod and Kotatko (9) 
found that the endogenous creatinine and the inu- 


1 This work, performed in 1945-46, was made possible 
by a grant from the Nutrition Foundation, Inc. 

2Dr. Addis died June 4, 1949. 

3 Fellow of the John Simon Guggenheim Memorial 
Foundation. 


lin clearances approach identity only when the 
“true” creatinine clearance is used. They used 
Lloyd’s reagent to adsorb creatinine and deter- 
mined the residual “pseudocreatinine” concentra- 
tion in the serum. 

Diurnal variations in the endogenous creatinine 
clearance have been studied by Brod (10). He 
found that the endogenous creatinine clearance in 
normal individuals is depressed during the night. 
In a more complete investigation, Sirota, Bald- 
win and Villarreal (11) studied diurnal variations 
in renal function of normal male subjects. They 
found no significant difference in the night and 
day values for the endogenous creatinine clear- 
ance, except for a slight fall in the period from 
12 Midnight to 4 A.M. These experiments were 
conducted on “routine ward” diets, and no at- 
tempt was made to vary or to control at a constant 
level the consumption of protein or of creatinine- 
containing foods. 

Of all renal function tests, the endogenous cre- 
atinine clearance is easiest to perform since no 
foreign substance is infused, the serum concen- 
tration is constant, and urine collections can be 
made over long periods of time, up to 24 hours, 
thus minimizing the errors in collection. Those 
who have struggled with the methods for perform- 
ing inulin determinations realize the relative pre- 
cision and simplicity of the creatinine determina- 
tion, as modified by Bonsnes and Taussky (12). 
For these reasons it seemed desirable to investigate 
the effect of dietary protein consumption upon the 
endogenous creatinine clearance and its diurnal 
variation, since this matter has not been considered 
in the previous publications. 

A clinical test is of optimal usefulness if its per- 
formance is simple. For this reason, because we 
were concerned with the endogenous creatinine 
clearance as an indicator of renal competence 
without regard to the possible analysis of indi- 
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TABLE I 
Diurnal variation of serum creatinine concentration in relation to dietary protein consumption in normal male individuals 








Diet 7:15 A.M. 11:45 A.M. 


4:45 P.M. 9:45 P.M. 





i stand. dev. 
g. protein/kg. | no. obs. pera no. obs. 


stand. dev. 
mean 


stand. dev. 
mean 


stand. dev. 
no, obs. page no. obs. | mg. % 





34 
18 
36 


26 
18 
34 


+0.08 
+0.09 
+0.07 




















+0.09 
+0.09 
+0.07 


17 .06 
.09 


1 +0.06 
9 1 
17 0.99 


+0.07 
+0.09 


+0.11 
+0.07 
+0.07 


17 
8 
17 























vidual renal functions, it was not considered de- 
sirable to complicate the determinations by the use 
of Lloyd’s reagent. In addition, the test is most 
useful in evaluating patients with slight degrees 
of renal functional impairment, before the develop- 
ment of azotemia. In such patients the “pseudo- 
creatinine” chromogen is at a minimum. 


METHOD 
1. Conditions of the experiment 


The conditions have been previously described in de- 
tail (1, 2). The principal subjects in this study were 
nine male internes. They were fed carefully contrived 
diets, all providing more than 2,000 calories per day, 
with fluid consumption permitted ad libitum. From Mon- 
day breakfast (7 A.M.) until Saturday at noon the diet 
was carefully followed. Over the weekend, until the 
following Monday at breakfast, the subjects were allowed 
a free diet. The breakfasts were free of pre-formed cre- 
atinine; that is, they contained no meat, fish, or chicken. 
At other meals meat was used as needed to provide the 
desired amount of protein. During the first week the 
diet contained 0.5 g. protein per kg. body weight per day. 
During the second week the protein content of the diet 
was 1.5 g. per kg. body weight, and during the third 
week the protein content was raised to 2.5 g. per kg. body 
weight. After a gap of two months, the experiment was 
repeated at lowest and highest levels of protein con- 
sumption. 

Urine collections and blood specimens were obtained on 
the last two days of each diet. Friday was divided into 
four urine collection periods; 7 A.M. to 12 Noon, 12 
Noon to 5 P.M., 5 P.M. to 10 P.M. and 10 P.M. to 7 A.M. 
Blood specimens were obtainec! just before each meal 


and at bedtime, with a 15 minute leeway allowed in either 
direction from the times indicated : 7:15 A.M., 11:45 A.M., 
4:45 P.M. and 9:45 P.M. On Saturday there was a 
single urine collection from 7 A.M. to 12 Noon, while 
blood specimens were obtained at 7:15 A.M. and 11:45 
A.M. 

In order to compare the normal clearance values in 
women with those in men, a group of 25 female nurses, 
dietitians and medical students were studied in a similar 
fashion. However, the experiment was modified for this 
group and they were studied only on the 0.5 g. protein 
diet. Urine collections were made each day of the 
week from 10 P.M. to 7 A.M., while blood specimens were 
taken daily at 3:15 P.M. 


2. Methods of Measurement 


Creatinine determinations were performed by the 
Folin-Wu method, as modified (2). Clearances were cal- 
culated from the measured excretion rate, expressed in 
mg. per 24 hours, corrected to a body weight of 70 kg. 
The serum concentration used in the calculation was a 
logarithmic mean of the concentrations found at the be- 
ginning and the end of each period. For body weight 
corrections, the subjects were weighed daily. Clearance 
nae where BW = 
body weight in kg., in accordance with the suggestion of 
Addis (13). The calculated clearances were expressed 
in L. per 24 hours per 70 kg. body weight. 


values were corrected by a factor 


RESULTS 


As has previously been shown (2), the serum 
creatinine concentration does not vary significantly 
with diet in normal individuals. From Table I it 
is secn that the diurnal variation in serum cre- 


TABLE II 
Diurnal variation of endogenous creatinine excretion in relation to dietary protein consumption in normal male individuals 








Diet 7 A.M.-12 Noon 12 Noon-5 P.M. 


5 P.M.-10 P.M. 10 P.M.-7 A.M. 





g- protein/ mg./24hrs./| _ stand. mg./24 hrs./ 
g. 70 kg. dev. mean 70 kg. 


stand. 
dev. mean 


stand. 
dev. mean 


stand. 


mg./24 hrs./ . Img./24 hrs./ 
70 kg. dev. mean le 70 kg. 





1783 
1896 
1988 


1760 
1858 
1844 


+164 
+112 
+155 


= 


0.5 
1.5 
2.5 




















+ 81 
+135 


77 1823 
1935 


2081 


+119 
+ 83 
+150 
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TABLE III 
Diurnal variation of endogenous creatinine clearance in relation to dietary protein consumption in normal male individuals 








Diet 7 A.M.-12 Noon 12 Noon-S P.M. 


5 P.M.-10 P.M. 10 P.M.-7 A.M. 





L./24 hrs./ 
obs. 70 kg. 


stand. 
dev. mean 


g. protein/ no. no. |L./24hrs./ 
kg obs. 70 kg. 


stand. no. 
dev. mean 


stand. 
lev. mean 


stand. no. 
dev. mean | obs. 


L./24 hrs./ 
70 kg. 


L./24 hrs./ 
obs. 70 kg. 








24 171 
16 180 
31 178 


+17 16 
+17 8 
+17 14 


167 
177 
182 











+15 16 
+10 8 
+17 16 


166 
179 
200 


141 
151 
164 


+15 16 
+14 9 
+14 16 


+12 
+15 
+13 




















atinine concentration is insignificant, with a wide 
range of protein consumption, even though the 
consumption of pre-formed creatinine was limited 
to the noon and evening meals. 

As seen in Table II, on each diet there is a 
moderate but significant drop in creatinine excre- 
tion during the period from 10 P.M. to7 A.M. In 
addition, there is a slight but significant rise in cre- 
atinine excretion during all periods, except 7 A.M. 
to 12 Noon, as the dietary protein consumption 
rises. Since the serum creatinine concentration 
remains constant, the clearance values follow the 
variations in excretion, and this may be seen in 
Table ITI. 

The female subjects were observed only under 
one set of conditions, so that effects of diet and di- 
urnal variation were not noted. However, Table 
IV reveals that both the serum creatinine con- 
centration and the creatinine excretion were lower 
than the values obtained in males on the same diet 
and at the same times. In spite of this the mean 
clearance value was not significantly different from 
the value obtained in males under similar condi- 
tions. 

DISCUSSION 


Since there was a drop in creatinine excretion 
during the period from 10 P.M. to 7 A.M. and 
there was a rise during the period from 7 A.M. to 
12 Noon, after a creatinine-free breakfast, on all 
diets, the factor responsible for the nocturnal drop 


TABLE IV 


Nocturnal creatinine clearance values in normal females on a 
low protein diet (0.5 g. per kg. per day) 








No. 


a tog Value 





124 | 0.79 mg. © 


Serum creat. conc. (3 P.M. 7 -% 
124 | 1147 mg./24 hrs./70 


) 
Creat. excret. (10 P.M.-7 A.M.) 


kg. 
Creat. clear. (10 P.M.-7 A.M.) | 124 | 146_L./24 hrs./70 kg. 








must be other than the dietary protein consump- 
tion. In view of the observations of others that 
various renal functional measurements rise during 
recumbency and drop when the erect, lordotic 
posture is assumed (14-16), it seems improbable 
that the nocturnal drop in creatinine excretion is 
a postural effect. Likewise, it seems improbable 
that this nocturnal drop is the result of diminished 
physical activity, since several investigators have 
found that renal functional measurements made 
at rest are greater than those made during mild 
exercise and much greater than those made during 
severe exercise (17-19). 

During sleep a much greater degree of relaxa- 
tion is attained than during rest while awake. 
There is a generalized relaxation of the vascular 
bed, manifested by the drop in vascular tension 
that occurs during sleep in normal individuals. It 
seems most reasonable to suppose that the noc- 
turnal drop in creatinine excretion, and conse- 
quently in the endogenous creatinine clearance, is 
the result of such a relaxation of the vascular ten- 
sion, with a drop in filtration pressure at the glo- 
merulus and drop in the glomerular filtration rate. 
In this connection it is of interest to note that 
Sirota and his associates (11), by using shorter 
nocturnal urine collection periods, found the pe- 
riod of diminished inulin and endogenous cre- 
atinine clearances to coincide with the period of 
deepest sleep. 

The influence of diet upon the endogenous cre- 
atinine clearance is absent in the morning period 
from 7 A.M. to 12 Noon, after a creatinine-free 
breakfast. From this it is apparent that the fast- 
ing period from supper time until morning is suffi- 
cient to obtain basal conditions with respect to 
creatinine excretion. For this reason, it seems 
most desirable for clinical determinations to use 
the morning period for collection, after a creatinine- 
free breakfast. This simply means a normal break- 
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fast of eggs, toast, cereal, etc., but without meat 
or bacon. 

In this experiment, there was no significant 
variation in the serum creatinine concentration 
of the male subjects under any of the varied con- 
ditions, with a grand mean value of 1.03 mg. per 
100 ml. Therefore, it would seem satisfactory to 
use a serum specimen obtained just before, during, 
or just after the period of urine collection for cal- 
culation of the clearance. 

In the female subjects the serum creatinine con- 
centration was slightly, but significantly, lower 
than in the males, with a mean value of 0.79 mg. 
per 100 ml. However, the creatinine excretion 
was proportionately lower than in the males, so 
that the mean endogenous creatinine clearance did 
not differ significantly from the value obtained 
in males under the same conditions. 

The values obtained for the endogenous cre- 
atinine clearance during the morning collection 
period from 7 A.M. to 12 Noon had a mean value 
of 176 L. per 24 hours per 70 kg. body weight. 
This is almost identical with the values obtained by 
Sirota and his colleagues (11) for the “peak,” 
when translated into comparable units. 


SUMMARY 


The endogenous creatinine clearance is a valu- 
able, simple, clinical test of renal function. It is 
affected slightly by the dietary protein consump- 
tion and by diurnal variations. These influences 
may be eliminated, for practical purposes, by col- 
lecting urine for the test during the morning after 
a creatinine-free breakfast. The normal endoge- 
nous creatinine clearance under such conditions 
is 176 L. per 24 hours per 70 kg. body weight, or 
122 ml. per minute per 70 kg. body weight. 

In females the normal mean serum creatinine 
concentration is 0.79 mg. %, slightly lower than in 
males. The normal mean endogenous creatini1e 
clearance for female subjects was determined un- 
der one set of conditions and did not vary signifi- 
cantly from the values obtained in males. 
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The study of arteriovenous fistulas, and the al- 
terations in local and systemic circulation which 
they produce, has been a means of not only under- 
standing this particular lesion better, but of ex- 
tending our knowledge of many other more com- 
mon circulatory phenomena. In peacetime, investi- 
gations have been conducted on the relatively rare 
clinical cases and on animals with fistulas pro- 
duced in the laboratory. The recent war, with its 
many vascular injuries, presented an unusual op- 
portunity to study the circulatory alterations in 
patients with arteriovenous fistulas. This and suc- 
ceeding reports deal with observations on a large 
group of patients treated at Ashford General 
Hospital. 

The clinical manifestations exhibited-by patients 
with an arteriovenous fistula have been described 
elsewhere (1, 2). It is generally recognized that 
these patients may develop congestive heart fail- 
ure. There has been controversy, however, re- 
garding the mechanism producing the circulatory 
failure. Some have ascribed it to greatly increased 
demands on the heart, others to diminution of 
coronary blood flow secondary to the lowered mean 
arterial pressure (3). Since a knowledge of the 
output of the heart is so important in defining the 
mechanism of the altered circulatory dynamics in 
these patients, we have measured the cardiac out- 
put as part of a general study of the circulation in 
patients with arteriovenous fistulas. 

In 1923 Lewis and Drury (4) reported the re- 
sults of their studies of arteriovenous fistulas in 
both man and the experimental animal. In the 
latter, using a glass cardiometer to enclose the 
heart, they found an increase in cardiac output, in 


1 The work described in the paper was done under a 
contract, recommended by the Committee on Medical Re- 
search, between the Office of Scientific Research and De- 
velopment and the Emory University School of Medicine, 
Atlanta, Georgia. 


some instances, when the fistula was open. In the 
animals with an elevated cardiac output they also 
noticed an increased central venous pressure. Be- 
cause the venous pressure was found to be normal 
in their human cases, they assumed that the cardiac 
output was normal. No actual measurements on 
humans were reported. Harrison, Dock and Hol- 
man (5) in 1924, using the direct Fick technique, 
reported that the cardiac output was elevated in 
their animals with experimental arteriovenous fis- 
tulas. Since then, several additional studies in 
experimental animals have confirmed the earlier 
observations that the basal cardiac output may be 
elevated by the creation of an arteriovenous fistula 
(3, 6-8). On the other hand, the relatively few 
clinical observations made on patients with arterio- 
venous fistulas led to less definitive conclusions ; 
in most instances an increased cardiac output was 
found (9-14). These data have been summarized 
in two recent reports (3, 14). It may be that the 
foreign gas methods, often used in McMichael clin- 
ical studies, were invalidated by the abnormal cir- 
culatory dynamics present in these patients. In- 
sofar as we are aware, there is no study reported 
of the cardiac output in a large group of patients 
observed before and after removal of an arterio- 
venous fistula. 


METHODS 


The cardiac output was determined by means of the 
low frequency, critically damped ballistocardiograph (15, 
16) which measures the output by the ballistic recoil of 
the body with each heart beat. 

To verify the validity of the measurements by the bal- 
listocardiograph in the presence of arteriovenous fistulas 
or large areas of reactive hyperemia (in reality a tempo- 
rary arteriovenous fistula) comparative studies by the di- 
rect Fick technique were made (16-19). A satisfactory 
correlation between the two methods was demonstrated. 
We believe, therefore, that, under the conditions of the 
present study, the ballistocardiographic method is a use- 
ful and valid one. 
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To facilitate comparison of individuals of various sizes, 
the cardiac index (the output of the heart in liters per 
minute per square meter of body surface) was used in 
recording our observations. All determinations were 
made on subjects three hours or more after they had 
eaten, and after they had relaxed for at least 15 minutes 
on the ballistocardiograph table. The arterial pressure 
was obtained with an ordinary mercury manometer by 
the auscultatory method. In patients with a fistula suffi- 
ciently distal on an extremity so that occlusion could be 
accomplished by inflation of a blood pressure cuff, ob- 
servations were made before and during the occlusion of 
the fistula. These studies are reported separately (20). 
The transverse diameter of the heart as measured from a 
teleoroentgenogram was used as an index of changes in 
heart size. The blood volume was measured by means 
of the blue dye T-1824 (21). 


RESULTS 


Forty-seven patients with arteriovenous fistu- 
las were studied at least once before and after op- 
eration. Many had a cardiac output determination 
on several occasions. All the patients were pre- 
sumably normal prior to their injury resulting in 
the establishment of the arteriovenous fistula. All 
except on were men. The time between the in- 
jury causing the fistula and the operative repair 
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varied from two months to slightly over two 
years. No patient had evidence of frank congestive 
heart failure. All the patients had definite local 
signs of the fistula, such as thrill or murmur. In 
all, the fistula was demonstrated and successfully 
removed at operation. 
dence of recurrence, nor was the postoperative 


In none was there evi- 


course seriously complicated. 

The results of the cardiac output determinations 
and related observations are recorded in Table I. 
We have considered the value, or average of sev- 
eral values, obtained 10 days or more after removal 
of the fistula, as the normal resting output for 
each patient. Using this normal value for com- 
parison, the preoperative cardiac outputs are seen 
to range from 127 per cent above to 21 per cent 
below the normal resting cardiac output (Figure 
1). Our experience has been that in normal sub- 
jects a variation of as much as 25 per cent above 
or below a value selected as the resting cardiac 
output may be expected on repeated measurements 
on different days. 

As can be seen from Table I, the alteration in 
cardiac output is predominantly the result of 
change in stroke volume rather than pulse rate. 


TABLE I 


Observations on 47 patients with arteriovenous fistulas before and after operation 








Location of fistula 
and number of 
patients in group 


Time of 
observation 


Duration 


of fistula Pulse rate 


Change in 
heart size 


Change in 


iac inde 
Cardiac index blood volume 


Stroke volume 





days before and 
after operation 
6 before 
14 after 


beats per min. 
73 
70 


months 

Carotid 4.9 
(5) 

81 

78 


71 
71 


65 
78 


74 
66 


84 
72 


82 
73 


66 
65 


67 
70 


Vertebral 1 before 
(1) 18 after 
19 before 
4 after 


Subclavian 


Axillary 13 before 
(3) 14 after 

5 before 
14 after 


15 before 
20 after 


Femoral 8 before 
(12) 16 after 


9 before 
21 after 


Brachial 
4 


Iliac 


Popliteal 
G5) 


Tibial 
(11) 


6 before 
23 after 











liters per min. 
per sq. m. 


cm. cc. per sq. m. 
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EFFECT OF A-V FISTULA ON CARDIAC OUTPUT 


PER CENT 





Fie. 1. 


EXPRESSED AS PER CENT OF 
NORMAL (POST OPERATIVE) VALUE 


Tue EFFect oF REMOVAL OF AN ARTERIOVENOUS FISTULA ON THE 


Carpiac OuTPUT 


In only seven patients with the fistula intact was 
the basal pulse rate above 85 beats per minute. 
In four of these the fistula involved the femoral 
vessel ; in two, the iliac ; and in one, the subclavian. 
The cardiac output in this group of patients aver- 
aged 82 per cent above the postoperative level and 
ranged froin 32 per cent to 127 per cent. 

The arterial blood pressure showed little varia- 
tion from the preoperative to postoperative period. 
In general, if change occurred there was a tend- 
ency toward diminution of the pulse pressure post- 
operatively, due predominantly to an elevation of 
the diastolic pressure. 

In those instances where satisfactory measure- 
ments were obtained, the changes in transverse 
diameter of the heart and blood volume are re- 
corded. These are discussed in detail elsewhere 
(21). 


DISCUSSION 


Our patients were apparently healthy young 
adults before injury. Although the person to per- 
son variability in cardiac output is large, our study 
could have been made using an average normal 
value for comparison with the value found in the 


presence of the fistula. We were fortunate, how- 
ever, in that our patients returned to a normal 
state after operation without evidence of residual 
abnormality in the circulation. The postoperative 
cardiac index varied considerably from patient to 
patient, but the range was similar to that found 
in a comparable group of normal subjects studied 
by the catheter method (22). Therefore, we have 


utilized the value obtained postoperatively for each 
individual as his normal and have used this value 
as the basis of estimating the load placed on the 
heart by the fistula. 

The resting cardiac output with the fistula in- 
tact varied from 21 per cent below the postopera- 
tive value to 127 per cent above. A variation of 
25 per cent above and below the postoperative 
value might be expected in any group of patients 
so studied and, therefore, could not be attributed 
to the effect of the fistula. In 22, or 47 per cent, 
of the patients, the change in cardiac output fell 
within this + 25 per cent range. In these patients 
the fistula was not large enough to produce a sig- 
nificant change in cardiac output. In all of the 
other patients (25, or 53 per cent), the cardiac out- 
put with the fistula open was more than 25 per cent 
greater than the postoperative cardiac output, the 
values ranging from 25 per cent to 127 per cent 
above the normal output. We believe that these 
increases of more than 25 per cent in cardiac out- 
put are significant. This indicates that about one-_ 
half of our patients with arteriovenous fistula had 
a significantly elevated cardiac output as measured 
under basal conditions. 

The increased cardiac output was primarily 
the result of an increase in stroke volume. The 
postoperative basal pulse rate was above 85 beats 
per minute in only seven patients. In these pa- 
tients, all with clinical evidences of a large fistula, 
the cardiac output was markedly elevated, averag- 
ing 82 per cent above the postoperative level. 
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A clinical or pathological determination of the 
functional size of the fistula was difficult. It may 
be that the increase in cardiac output is the best 
index of the load placed on the circulation by the 
fistula (13). Such signs as the size of the vessel 
involved or the intensity of the thrill or murmur 
were not entirely reliable in predicting the increase 
in cardiac output. In general, it appeared that 
those patients with clinical evidence suggestive of 
a large fistula or one located in a large vessel had 
a markedly elevated cardiac output. A review of 
the cases studied shows that while all of those pa- 
tients with a marked elevation of cardiac output 
had fistulas involving relatively large vessels, there 
appeared to be no more specific relationship. In 
other words, a fistula of the femora] vessel might 
cause either a small or a large increase in cardiac 
output. On the contrary, a fistula fed by a small 
vessel, because of the limited arterial inflow, caused 
at most only a small increase in cardiac output. 

A correlation of the age of the fistula with the 
increase in cardiac output showed that most pa- 
tients with a large increase had fistulas of relatively 
short duration ; those with small increases, in many 
instances, had fistulas of much longer duration. 
However, these findings are probably due to the 
fact that while small fistulas may have escaped no- 
tice for a long time, the larger ones were diagnosed 
and referred to our hospital with greater rapidity. 

It is well recognized, however, that patients 
with an arteriovenous fistula may have cardiac en- 
largement, as evidenced by an increased transverse 
diameter of the heart in the teleoroentgenogram 
(23). This change is reversible, and the heart size 
returns to normal after operative removal of the 
fistula. We have attempted to correlate the change 
in transverse diameter of the heart following op- 
eration with the degree of increase in cardiac out- 
put. The correlation coefficient between the vari- 
ables is 0.12 which indicates a poor correlation. 

The effect of an arteriovenous fistula upon blood 
volume has been discussed in an accompanying pa- 
per (21). Although there is no direct correlation 
between the increase in blood volume and the in- 
crease in cardiac output, there is, however, an in- 
dication that the blood volume tends to be increased 
in those patients with an elevated cardiac output 
and with clinical evidences of a large fistula. The 
effects of temporary occlusion of the fistula 
upon pulse rate, stroke volume, and cardiac out- 
put are likewise discussed separately (20). 


From these studies it appears that many, but not 
all, patients with an arteriovenous fistula have a 
distinct elevation of the cardiac output above their 
normal level. It also appears that soon after the 
removal of the fistula there is a return of the out- 
put of the heart to an approximately normal value. 

A complete explanation of the increased cardiac 
output in patients with an arteriovenous fistula is 
not yet possible. The usual explanation stresses 
the importance of the filling pressure of the 
ventricles, i.e., the pressure in the atria and the 
great veins. It has, however, been demonstrated 
in patients with arteriovenous fistula or with large 
areas of hyperemia (17) that a marked change in 
cardiac output can occur without the appearance 
of any change in atrial pressure. For this reason 
atrial pressure changes are not a significant aid in 
explaining the increased cardiac output. 

The observation of a marked fall in peripheral 
resistance when the fistula is open and indication 
from the ballistocardiogram that upon opening and 
closing the fistula the changes in heart rate and 
stroke volume appear within the first few beats 
suggest that the changed cardiac output depends 
on some property of the peripheral vascular bed. 
This view is discussed more fully elsewhere (17, 
20). 

Although our studies did not reveal specific data 
on cardiac failure in patients with arteriovenous 
fistula, they indicated a similarity of this condition 
to that of patent ductus arteriosus, severe anemia, 
and thyrotoxicosis in which cardiac failure occurs 
when the output is distinctly above normal. 
Therefore, in patients with arteriovenous fistula, 
a low output of the heart would not necessarily 
indicate circulatory inadequacy. On the other 
hand, the resistance of the cardiovascular system 
to stress varies so greatly in individuals that car- 
diac failure would not necessarily develop in those 
patients with the highest output. 

As Starr and Jonas (24) had pointed out re- 
garding patients with thyrotoxicosis, it is possible 
that a normal cardiac output in the face of the in- 
creased demands would be suggestive of cardiac 
failure. The combination of a normal cardiac out- 
put and a large fistula might be more indicative of 
cardiac insufficiency than merely a large cardiac 
output would be. This may be another reason why 
the cardiac enlargement or the elevated blood vol- 
ume cannot be directly correlated with the increase 
in cardiac output. 
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SUMMARY AND CONCLUSIONS 


A study of the cardiac output in 47 patients with 
arteriovenous fistulas was made by means of the 
low frequency critically damped _ballistocardio- 
graph before and after operative removal of the 
fistula. In 22 (47 per cent) of the patients there 
was a change of less than 25 per cent in the cardiac 
output in the presence of a fistula, when compared 
with the later normal values obtained for each pa- 
tient after operative removal of the fistula. This 
change was not considered a significant one. 

In 25 (53 per cent) of the patients with the 
fistula intact, there was elevation of the cardiac 
output of from 25 to 127 per cent above the post- 
operative (normal) level. Although, in general, 
these patients were the ones with clinical evidences 
of large fistulas, there was no striking correlation 
with the change in cardiac size, blood volume, or 
pulse rate, nor with duration of the fistula. 

The evidence at hand indicates that the increased 
cardiac output is not due to an increase in filling 
pressure presented to the right side of the heart, 
but rather is related to change in the arterial tree. 


Misses Maurine Giese and Margaret Steele gave valu- 
able technical assistance. 
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In patients with an arteriovenous fistula tem- 
porary occlusion of the fistula results in several 
alterations in the circulation. The most com- 
monly recognized of these is the slowing of the 
heart rate. This response, described originally in 
1875 by Nicoladoni (1), was reported independ- 
ently in 1890 by Branham (2). It is now almost 
universally referred to as Branham’s sign. Subse- 
quently, additional changes in arterial pressure 
(3), cardiac output (4, 5) and peripheral blood 
flow (6) have been noted by other authors. In the 
course of our studies on the cardiovascular dynam- 
ics in patients with arteriovenous fistulas we have 
made further observations on Branham’s sign and 
related phenomena. These data are the subject 
of the present report. 


METHODS 


The critically damped ballistocardiograph described by 
Nickerson and Curtis (7) was used in the determination 
of heart rate, stroke volume, and cardiac output. The 
method of its use is described in a separate report (5). 
Only patients with arteriovenous fistulas of the extremi- 
ties were studied. The fistula was obliterated temporarily 
by rapid inflation of a blood pressure cuff to 200 mm. 
mercury pressure from a Jarge air reservoir. The cuff 
was placed around the extremity in such a way that de- 
flation did not affect the venous blood flow. This was 
done several times before taking the ballistic records in 
order to familiarize the patient with the procedure and 
to ascertain if there was discomfort upon application of 
prescure in the cuff. Ballistic tracings and arterial blood 
pressure measurement (determined by the auscultatory 
method) were obtained with the fistula both open and 
occluded. At least two sets of observations were made 
on each patient. In some instances 2 mgm. of atropine 
sulfate were injected intravenously, and the observations 


1 The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and the Emory University School of Medi- 
cine, Atlanta, Georgia. 


were repeated at the height of the atropine effect. Ad- 
ditional studies were made following operative removal 
of the arteriovenous fistula. 


RESULTS 

Twenty-five patients with arteriovenous fistulas 
resulting from trauma were studied. The studies 
were restricted to those patients with fistulas of 
the extremities which could be occluded by infla- 
tion of a blood pressure cuff. None of the patients 
had clinical evidence of cardiac failure, or any dis- 
ease which might alter the responses of the cardio- 
vascular system. All of the patients reported here 
have been included in a previously reported study 
on the cardiac output in patients with arteriovenous 
fistulas (5). 

Observations on the effect of sudden occlusion 
of an arteriovenous fistula are recorded in Table 
I and shown graphically in Figure 1. In 17 pa- 
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TABLE I 


Summary of observations on 25 patients with arteriovenous fistulas of the extremities 








Time of 


Duration of } 
observation 


Location of fistula 
| fistula Comment 


and number of | 
patients in group 


Arterial 
pressure 


Pulse 
rate 


Stroke 


Cardiac 
i volume 


index 








days before and 

after operation 
4 before 
5 before 
9 after 


Cuff off 
Cuff on 
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Femoral 6 before 
(7) | 4 before 
15 after 





Cuff off 
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9 before 
11 before 
17 after 
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6 before 
7 before 
23 after 





liters per min. 
per sq. m. ce. 
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68.8 
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132.8 
104.9 
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77.4 
61.4 
69.8 


65.9 
55.8 
65.6 


67.8 
63.4 
68.4 
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118/73 
115/74 


118/57 
117/81 
115/48 
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124/79 
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tients (68 per cent) the heart rate decreased more 
than 4 beats per minute and in one case as much 
as 32 beats per minute. In the remaining eight 
cases the rate changed only 4 or less beats per 
minute. In 19 patients (76 per cent) stroke vol- 


ume decreased 10 cc. or more per stroke. The ef- 
fects on the cardiac index (cardiac output in liters 
per minute per square meter of body surface) va- 
ried from no change to a decrease of 3.6 liters. 
In 22 patients (88 per cent) it decreased 0.5 liters 


TABLE II 


Observation of the effect of temporary occlusion of an arteriovenous fistula 
before and after administration of atropine 








; | us 2 
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Cuff off 
Cuff on 
Atropine—2 mgm. 
Cuff off 
Cuff on 


Popliteal Cuff off 

(6) Cuff on 
Atropine—2 mgm. 
Cuff off 
Cuff on 


Cuff off 
Cuff on 
Atropine—2 mgm. 
| Cuff off 
| Cuff on 


Femoral 
(7) 


intravenously 


Popliteal 
(4) 


intravenously 


intravenously 








intravenously 


liters per min. | 
10.3 
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per sq. m. 


5.8 


} beats per min. | mm. Hg 
83 110/60 
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or more, which, under the conditions of the study, 
probably represents a minimal detectable change. 
Changes in arterial pressure were not large, but 
almost uniformly consisted of an increase in dia- 
stolic pressure and frequently an increased systolic 
pressure upon occlusion of the fistula. 

Additional studies on the effect of compression 
of the fistula were made on five patients who had 
received intravenously 2 mgm. of atropine sulfate 
(Table II). In all the atropine produced an in- 
creased pulse rate and in some an increase in car- 
diac index above the basal level. Upon inflation 
of the cuff the change in pulse rate was not 
greater than 4 beats per minute. Despite this rela- 
tively small change in heart rate, the decrease in 
stroke volume varied from 21 to 41 cc. and in 
cardiac output from 1.8 to 4.2 liters. 


DISCUSSION 


The advantages of the ballistic method for de- 
termination of relatively rapid changes in cardio- 
vascular dynamics have been enumerated previ- 
ously (5,8). One disadvantage in the use of the 
ballistocardiograph is that manual compression of 
the fistula interferes with the movements of the 
ballistic bed. Therefore, a blood pressure cuff was 
used. This means of temporarily occluding the 
fistula occludes not only the fistula but also all of 
the circulation to the extremity distal to the cuff. 

Studies on normal subjects, and on normal ex- 
tremities of patients with arteriovenous fistula else- 
where in the body, have shown that rapid infla- 
tion of the cuff to 200 mm. mercury pressure pro- 
duced practically no change in cardiac output or 
pulse rate. In one patient, in whom the fistula was 
also occluded with a Matas compressor (compres- 
sion of only the major vessel entering the fistula) 
(9), it was found that the cuff and compressor 
produced identical changes in heart rate and 
cardiac output. 

The findings reported here confirm Branham’s 
observations. The rapidity of the reaction sug- 
gests that a nervous ‘reflex is involved. Lewis and 
Drury (6) observed that they could block the re- 
action by the preliminary administration of atro- 
pine. Rieder (10) was unable to confirm this, 
but it is likely that his dosage of atropine was in- 
adequate. The present results confirm the find- 
ings of Ellis and Weiss (11), and of Kramer and 
Kahn (12), that atropinization can block the 
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change in pulse rate. This effect of atropine was 
interpreted as evidence that the pulse slowing re- 
sponse is mediated by a nervous mechanism, and 
by the vagus nerve in particular. 

The specific stimulus which activates the brady- 
cardiac response is not completely understood. 
It has been suggested that the vascular bed in and 
around the fistula may take on a function similar to 
the carotid sinus or aortic depressor areas in that 
local pressure changes are reflected in reflex 
changes in cardiac function. This does not ap- 
pear to be the case. Observations (13, 14) have 
revealed that the pulse rate changes occur in pa- 
tients with high spinal anesthesia. In these pa- 
tients the area of the fistula is probably devoid of 
functional nervous connections, but it is not cer- 
tain that complete denervation is present. 

Several other systemic circulatory alterations 
take place when an arteriovenous fistula is oc- 
cluded. Measurements of the pressure in the 
right atrium have failed to show any alteration, 
whereas the arterial pressure is found to rise. 
The latter phenomenon offers the most likely ex- 
planation for the slowing of the pulse rate. It is 
an established physiologic principle (Marey’s law) 
that the pulse slows when the blood pressure rises. 
The origin of this type of reflex response appears 
to occur in the pressure sensitive end organs in the 
carotid sinus and aortic arch. In addition, experi- 
ence in normal human subjects has shown that 
drugs which cause an increased arterial pressure 
with little change in cardiac output, such as pare- 
drine, usually cause a slowing in the heart rate 
(15). 

The present observations also demonstrate a 
striking decrease in stroke volume upon compres- 
sion of the fistula. As a result of the summation 
of changes in heart rate and stroke volume the 
cardiac output is reduced. However, the reduc- 
tion in stroke volume appears to be independent 
of the pulse rate change. Atropine, which abol- 
ishes the heart rate change, does not prevent the 
reduction in stroke volume. In fact, in the cases 
observed, the stroke volume reduction in occlusion 
of the fistula is greater with atropine than without. 
This effect is probably the result of the shorter 
filling time which is a consequence of the higher 
heart rate during atropinization. 

The nature of the mechanism responsible for 
the change in stroke volume upon opening or 
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closing the fistula is of considerable interest. The 
change occurs rapidly, significant alterations ap- 
pearing within the first few heart beats. Theoreti- 
cally it appears that the stroke volume may be al- 
tered by one of three mechanisms: changes in the 
pressure gradient filling the ventricles, variation 
in the completeness of systolic emptying of the 
ventricles, and variation in the degree of diastolic 
relaxation of the ventricles. 

Studies using the method of right heart cathe- 
terization have revealed evidence regarding the 
first possibility. It has been demonstrated (16) 
that there is no change in the mean right atrial 
pressure when the fistula is opened and closed, 
although there may be large changes in stroke vol- 
ume. Changes in atrial pressures do not then 
appear to be the cause of the increased stroke vol- 
ume. Nevertheless, one qualification remains in 
that a pressure gradient cannot be determined by 
measuring the pressure at a single point in the 
system. Pressure in the ventricle may change, 
hence the gradient filling the ventricle would be 
altered. 

There is, however, no direct evidence regarding 
the completeness of systolic emptying and the 


changes in diastolic relaxation of the ventricles in 


normal man. In addition to invoking the pas- 
sive increase of fluid movement on_opening the 
fistula as an explanation of the increased stroke 
volume there is the possibility of involvement of 
some nervous mechanism. Such a mechanism may 
influence the degree of relaxation of the ventricles, 
and the necessary stimulus could originate in the 
venous bed. If a nervous reaction is involved, it 
must occur rapidly and not be blocked by atropine. 

Changes in cardiac output and stroke volume 
similar to these reported here may be observed in 
normal subjects by the production of large areas 
of reactive hyperemia (16). If blood pressure 
cuffs are placed around the upper thighs and in- 
flated to 200 mm. mercury pressure, little change 
in heart rate and cardiac output is produced. If 
the tourniquets are kept on for 20 minutes, and 
observations are made at the time of release, strik- 
ing changes in heart rate and output may be noted. 
The heart rate increases, and the cardiac output 
per minute almost doubles. These changes, as 
those in our patients with arteriovenous fistulas, 
occurred without significant alterations in atrial 
pressure. 
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After operative removal of the fistula the cardiac 
output was found to be nearly the same as that 
observed previously upon temporary compression 
of the fistula. Cardiac output is such a variable 
function, changing markedly with even emotional 
factors, that it is difficult to say whether the failure 
of the values to coincide exactly always represents 
a real difference in output as related to the length 
of time that the fistula is closed, or whether it 
represents variations in the conditions under which 
the values were obtained. 


SUMMARY AND CONCLUSIONS 


The changes in heart rate and output occurring 
upon temporary compression of an arteriovenous 
fistula have been studied in a group of 25 patients. 

In 68 per cent of the patients there was a signifi- 
cant decrease in heart rate (Branham’s sign) 
which occurred almost immediately upon com- 
pression of the fistula and which was blocked by 
use of atropine. 

In 88 per cent of the patients there was a de- 
crease in stroke volume and cardiac output which 
occurred rapidly and simultaneously, but which 
was not altered by the use of atropine. 

The evidence indicates that the change in heart 
rate results from a nervous reflex mediated by the 
vagus nerve, and most likely arises from altera- 
tions in arterial pressure. It appears that the 
change in stroke volume is due to variations in 
diastolic relaxation of the ventricle or to variation 
in the completeness of systolic emptying. 

Although exactly comparable observations are 
difficult to obtain, the cardiac output found im- 
mediately upon closure of an arteriovenous fistula 
is approximately the same as that found several 
weeks after operative removal of the fistula. 


Misses Mary Margaret Steele and Maurine Giese gave 
valuable technical assistance. 
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There has been much controversy concerning the 
changes in blood volume which occur in the pres- 
ence of arteriovenous fistulas. The large number 
of vascular injuries treated at Ashford General 
Hospital during the recent war offered an unusual 
opportunity to study this problem. This paper 
reports observations on the blood volume changes 
in a group of 41 such patients studied before and 
after operative removal of an arteriovenous fistula. 

In 1924 Holman (1) reported his studies on 
animals with arteriovenous fistulas. He used the 
brilliant vital red method of blood volume deter- 
mination, obtaining a single dyed specimen four 
minutes after the injection of the dye. He found 
that the blood volume increased in the presence of 
a fistula. Later he reported similar blood volume 
studies in patients with arteriovenous fistulas (2, 
3); in most instances there was a reduction in 
blood volume following removal of the fistula. In 
their studies on blood volume Rowntree and 
Brown (4) included seven patients with arterio- 
venous fistulas, three of whom had congenital le- 
sions. Although the average blood volume was 
slightly above the normal value, in only one pa- 
tient was there a distinctly increased blood volume. 
Pemberton and Saint (5) reported finding a 
slightly elevated value in a single patient with a 
congenital communication between artery and vein. 
Reid and McGuire (6) expressed doubt regard- 
ing the blood volume changes in view of their find- 
ings on three patients studied before and after 
operation. In one patient there was essentially no 
change in blood volume; in another, a postopera- 
tive decline of 600 cc.; and in the other, a post- 


1 The work described in this paper was done under a 
contract, recommended by the Committee on Medical Re- 
search, between the Office of Scientific Research and De- 
velopment and the Emory University School of Medi- 
cine, Atlanta, Georgia. 


operative drop of 1,000 cc. and nine months later, 
a return to the preoperative volume. In two ex- 
perimental animals they found that a slight in- 
crease in blood volume accompanied the fistula. 
Using the blue dye T-1824 in a single case, Ellis 
and Weiss (7) found the blood volume within 
normal limits, but they did not repeat the measure- 
ment postoperatively. Kennedy and Burwell (8) 
reported a large value in a patient with multiple 
communications between artery and vein. The 
volume decreased after operation, but later fluctu- 
ated considerably as the fistula recurred. 

There are many theoretical and practical ob- 
jections to the methods used in the earlier studies 
and more recent observations have been inade- 
quate in number. Therefore, the studies reported 
here were made. 


METHODS 


All determinations reported here were made on patients 
under basal conditions, at least 12 hours after the last 
meal and before arising in the morning. The plasma 
volume was measured using the blue dye T-1824 recom- 
mended by Gregersen, Gibson, and Stead (9). All blood 
samples were taken from the antecubital veins, using a 
dry syringe, and avoiding the hemoconcentrating effect 
of a tourniquet. After obtaining a dye-free sample, 3 cc. 
of an 0.1 per cent solution of the dye was injected from 
a calibrated syringe, and the syringe was rinsed three times 
with blood. Care was taken to prevent and note any 
extravascular loss of the dye. Exactly 10 minutes after 
the dye injection, a dyed sample of blood was obtained, 
again with precautions against hemolysis and hemocon- 
centration. In some patients, but not all, an inlying 
needle was left in place and serial samples obtained in 
order to determine the rate of disappearance of the blue 
dye. 

The blood samples were placed in small tubes under 
a layer of mineral oil, allowed to clot and retract, then 
were centrifuged gently. The samples were discarded if 
there was evidence of lipemia or hemolysis. A Coleman 
Junior Spectrophotometer or a Nickerson decade photom- 
eter (10) was used in determining the concentration of 
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the dye T-1824. This was done by measuring the light 
absorption of the dyed serum samples relative to the dye- 
free sample at a wave length of 620 millimicrons. Pre- 
viously the apparatus had been calibrated with known 
amounts of dye in serum. 

Blood specimens were also obtained for hematocrit read- 
ing, hemoglobin, and total protein determinations. Hepa- 
rin was used as the anticoagulant in the hematocrit tubes. 
The hemoglobin concentration was determined by meas- 
uring the optical density of a dilute alkaline solution of 
blood. Total protein was determined by the density 
method of Barbour and Hamilton (11). 

The plasma volume was calculated from either the dye 
concentration value obtained from extrapolation of the 
disappearance curve plotted semilogarithmically (12), or 
from the single 10-minute point as suggested by Greger- 
sen (13). The total blood volume was determined from 
the plasma volume and the hematocrit reading. To facili- 
tate comparison between patients of different size, the 
blood volume per square meter of body surface was cal- 
culated. 

Additional studies, reported in detail elsewhere (14, 15), 
were made on many of these patients. Included were 
roentgenographic estimations of the heart size (obtained 
by measuring the transverse diameter of the heart on a 
teleoroentgenogram), and cardiac output determinations 
(by the ballistic method). 


RESULTS 


Observations were made on 41 patients, and the 
essential findings are reported in Table I. All 
patients had arteriovenous fistulas resulting from 
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trauma. As far as could be determined, all the pa- 
tients were healthy young adults before injury, and 
none had complicating injuries or illness that might 
have altered the blood volume. There was one 
woman in the group. Table I shows that the loca- 
tion of the lesions varied considerably. In all pa- 
tients there were characteristic physical signs of 
the fistula. The duration between removal of the 
fistula and the infliction of the wound which caused 
it varied from slightly more than two months to 
two years. In no patient was there evidence of 
frank cardiac failure. The operative removal of 
the fistula was done with either sodium pentothal 
or continuous spinal anesthesia. In all instances 
the fistula was successfully removed, and the post- 
operative course was uneventful. With the ex- 
ception of those determinations done on the third 
postoperative day, the patients were usually al- 
lowed out of bed by the time the blood volume de- 
terminations were made. 

In the entire group, before operation the blood 
volume per square meter of body surface ranged 
from 2,400 cc. to 4,030 cc. Ten days or more after 
operation it ranged from 2,330 cc. to 3,380 cc. 
In 23 patients (56 per cent) the change was less 
than 200 cc. A change of 200 cc. or less was not 
considered a significant change. 


TABLE I 


Summary of observations on 41 patients with arteriovenous fistulas 








Location of fistula 
and number of 
patients in group 


Plasma 
volume 


Time of 
observation 


Duration of 
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reading i 
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days before and 
months after operation 
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7 before 
12 after 
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In 18 patients (44 per cent), after removal of the 
fistula there was a decrease in blood volume from 
200 cc. to 1,060 cc. per square meter body surface. 
In many instances these changes were confirmed 
by repeated observations. On the other hand, in 
none of the patients was there a significant increase 
in blood volume following operation. 

The hematocrit readings varied slightly, most 
often showing a tendency to fall somewhat after 
operation. Therefore, the calculated red blood 
cell volume underwent similar changes. The he- 
moglobin and total protein concentration did not 
undergo marked alteration. The cardiac output 
data and changes in heart size have been described 
in detail elsewhere (14). 

There has been wide use of the blue dye T-1824 
(9) in the determination of plasma volume. In 
the present studies the disappearance of the dye 
was plotted semilogarithmically as recommended 
by Gregersen and Rawson (12). More recently 
Gregersen (13) has suggested that in certain situ- 
ations a single dyed specimen cbtained 10 minutes 
after dye injection is almost as reliable as an ex- 
trapolated value for dye concentration obtained 


from the disappearance curve of the dye. He found 
this true in normal patients and patients in shock. 
In the case of many patients reported here there 
were obtained both 10-minute samples and multiple 
specimens for plotting the disappearance slope of 


the dye. There was no evidence that the disap- 
pearance rate of the dye was affected by the pres- 
ence of the arteriovenous fistula, and the plasma 
volume as calculated by the two methods did not 
differ significantly. It must be remembered, how- 
ever, that none of these patients had frank con- 
gestive heart failure. It is possible that the pro- 
longed mixing time of cardiac failure might in- 
validate the 10-minute point method. Because of 
the limited time that the patients were available, 
and because multiple determinations were made on 
a large group, the 10-minute point method was 
used extensively. 

The calculation of the total blood volume from 
the hematocrit reading and the plasma has been 
subject to criticism (16, 17). This is primarily 
because the peripheral venous hematocrit read- 
ing is imperfect from the standpoint of indicating 
the proportion of cells in the blood in flow, and be- 
cause the plasma trapped among the cells in cen- 
trifugation prevents arrival at a true cell-plasma 
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ratio by hematocrit reading. Despite the handi- 
caps, a value determined by this means may serve 
many useful purposes. It appears particularly 
useful in measurements, such as these reported 
here, where comparative observations are made on 
the same person who has minimal hematocrit 
changes. 

Because it appears to be at the expense of the 
ratio of cells to plasma that the body maintains 
the total blood volume at a constant level, we found 
the total blood volume the most stable and useful 
value for these studies. Since the body can mobi- 
lize fluid and protein with relative rapidity, the 
plasma volume appears to vary to compensate for 
changes in the red cell volume. Studies on the ef- 
fect of simple hemorrhage show that these changes 
in plasma volume first occur with a slow readjust- 
ment of the red cell volume and hematocrit read- 
ing to the normal value (18). Similar changes 
may be seen soon after an operation, with its ac- 
companying blood loss and dehydration. Because 
of this, the plasma volume is subject to much more 
fluctuation than is the total blood volume, and 
knowledge concerning it was of less value in these 
studies than was evidence of changes in the total 
blood volume. Although some of the postopera- 
tive measurements reported here were made rela- 
tively early following operation, an effort was made 
to delay them long enough to avoid any immediate 
effects of the operation. Only observations made 
10 days or more after operation were used in the 
calculation of the normal values. Almost all of 
the patients were ambulatory by this time. The 
values obtained fell in the same range as those 
reported previously for normal male subjects, the 
average blood volume being near 2,800 cc. per 
square meter of body surface (19). 

The results of these studies are expressed 
graphically in Figure 1, considering the postopera- 
tive blood volume as the normal for each patient. 
A majority of the patients showed a change of less 
than 200 cc. in blood volume per square meter 
body surface. This degree of change (about 7 per 
cent of the normal value) may be expected inde- 
pendently, without direct effect on the arterio- 
venous fistula. Such factors as technical errors 
in blood volume determination, changes resulting 
from operation, and bed rest could readily account 
for a 7 per cent variation. On the other hand, fol- 
lowing operation, although no patient had an in- 





BLOOD VOLUME IN PATIENTS 


EFFECT OF A-V FISTULA 
ON BLOOD VOLUME 


CUBIC CENTIMETER 


1 OOF 
Sor 
° 


so 
100F PRESSED AS CHANGE IN BLOOD VOLUME 


150 ER SQUARE METER OF BODY SURFACE 
2oot FOLLOWING OPERATIVE REMOVAL 





Fic. 1. Errects oF aN A-V FistuLa oN BLoop VoLUME 

The change in blood volume from before operation to 
the postoperative period is expressed in cubic centimeters 
per square meter of body surface. 


crease in blood volume greater than 200 cc., 18 
patients (44 per cent) had a decrease of more than 


200 cc. Insofar as could be determined, this de- 
crease was not related to any technical errors or 
to any incident of the operation or convalescence 
not directly related to the removal of the arterio- 
venous fistula. In several instances repeated ob- 
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servations before and after operation verified the 
presence of the change, and revealed that the de- 
cline was in progress by three days postoperatively, 
and was apparently complete by 10 days. Obser- 
vations were not made earlier than three days post- 
operatively because it was felt that changes inci- 
dent to the operation might cause alterations in 
blood volume not due to the actual removal of the 
fistula. 

The findings reported here are in agreement 
with earlier reports that blood volume may be sig- 
nificantly elevated in patients with arteriovenous 
fistulas. It is not a consistent reaction, however, 
as changes were noted in only less than half of 
the patients studied. In an attempt to elucidate the 
cause of this blood volume change, an effort was 
made to relate the blood volume change with other 
alterations in the circulation. 

It appears that the size of the fistula is a major 
factor in determining the increase in blood volume. 
For instance, two of the four patients with the 
greatest change in blood volume had fistulas in- 
volving the iliac vessels. However, the actual size 
of a fistula is difficult to determine. Clinical evi- 
dences, such as the size of the vessels involved and 
the intensity of the thrill or murmur, give some 
evidence, although not entirely accurate, regard- 
ing the magnitude of the shunt. Actual measure- 
ment of the fistulous opening upon operation has 
not proved successful because of the variable de- 
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gree of vascular spasm. Measurement of the open- 
ing after removal from the body is difficult for the 
same reason plus the shrinking effect of tissue 
fixation. 

In many patients with arteriovenous fistulas the 
resting level of cardiac output is above normal (14). 
Since the elevation of the cardiac output above nor- 
mal might be proportional to the size of the fistula, 
correlation of the increase in blood volume with the 
increase in cardiac output was attempted (Figure 
2). To avoid the considerable range in basal 
cardiac output from person to person, the blood 
volume change was plotted against the per cent of 
deviation from normal of the cardiac output in the 
particular patient observed. In other words, if 
the preoperative cardiac output was twice that 
found as the postoperative basal value, a 100 per 
cent increase in cardiac output was plotted. The 
correlation coefficient was 0.26, a value which indi- 
cated that the correlation was not good. It ap- 
pears, however, that the size of the fistula may be 
at least one of several factors in the changes lead- 
ing to an increased blood volume. 

It has repeatedly been observed that in patients 
with arteriovenous fistulas the heart size, deter- 
mined roentgenologically, may become abnormally 
large, and after the fistula is removed, it returns 
to normal size (20). Since there is evidence to 
suggest that the heart size is related to the blood 
these two findings correlated. 


volume, were 
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Twenty-nine of the patients had satisfactory teleo- 
roentgenograms of the heart made before and after 
operation. In many instances there were repeated 
observations. The change of blood volume was 
plotted against the change in the transverse diam- 
eter of the heart in Figure 3. The correlation co- 
efficient of value 0.36 indicates that a significant 
degree of correlation was not present. This is 
not entirely surprising in view of recent evidence 
that in normal subjects the rapid increase in blood 
volume of about 1,000 cc. failed to produce a 
distinct change in heart size (21). Holman found 
a change in heart size in dogs upon increasing or 
decreasing the blood volume, but he studied 
changes of much greater magnitude than seen in 
patients with arteriovenous fistulas (1). A change 
of 500 cc. in a dog such as he studied is equivalent 
to a change of approximately 4,000 cc. in a human. 
In neither of the afore-mentioned studies was the 
increase in blood volume accompanied by an in- 
crease in extracellular fluid volume, which if pres- 
ent might alter the situation considerably. It ap- 
pears likely that other factors, such as the increased 
demand on the heart, play a major role. 

An attempt was made to relate the increase in 
blood volume to the duration of the fistula. Our 
data are not satisfactory for this purpose, however, 
because so few patients had large fistulas of long 
duration. Most of the patients with lesions of con- 
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siderable age had rather small fistulas which had 
often escaped notice by the patient and physician. 

Our results demonstrate that in some patients 
with arteriovenous fistulas there is a significant 
increase in blood volume. After operative removal 
of the fistula, the blood volume, if elevated, re- 
turns to normal. Since the basic factors control- 
ling blood volume in the normal person are so 
little understood, it is not surprising that we can- 
not explain the increased blood volume in these 
patients. 

It is possible that with some large venous chan- 
nels engorged with blood, the mechanisms con- 
trolling the blood volume might be misled. Since 
the amount of blood remaining in the rest of the 
vascular bed would be less than normal, increased 
production of blood might be stimulated. This 
could be the basic mechanism causing the in- 
creased blood volume. There is also the possibility 
that the increased venous pressure in the region 
of the fistula may dilate the vascular bed in that 
region, thus increasing its capacity for blood and 
spurring the demand for more blood. 

It has been suggested that the increase in blood 
volume seen in patients with arteriovenous fistu- 
las merely represents the increase in blood volume 
seen in patients with any type of congestive heart 
failure (6) ; that is, it may be the increase ia blood 
volume of cardiac failure rather than that of ar- 
teriovenous fistula per se. Although none of the 
patients observed in these studies developed the 
complete clinical picture of cardiac failure, it can- 
not be denied that there may be a similar mecha- 
nism in the causation of their increased blood 
volume. 


SUMMARY AND CONCLUSIONS 


1. Observations on the blood volume have been 
made before and after operative removal of an ar- 
teriovenous fistula in 41 patients. 

2. In 56 per cent of the patients there were 
changes in blood volume of less than 200 cc. per 
square meter of body surface. This was not con- 
sidered a significant variation. 

3. In 44 per cent of the patients the decrease in 
blood volume after operation ranged from 200 cc. 
to 1,060 cc. per square meter of body surface, indi- 
cating an abnormally large blood volume in the 
presence of the fistula. 
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4. The relationship of the change in blood vol- 
ume to the size and duration of the fistula, the car- 
diac output, and the changes in heart size have 
been studied. In general, the patients with an ele- 
vated blood volume were those with clinical evi- 
dences of a functionally large fistula. 


Miss Maurine Giese and Miss Mary Margaret Steele 
gave valuable technical assistance. 
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INTRODUCTION 


Inability to predict the time of occurrence of 
spontaneous diureses in the nephrotic syndrome 
has retarded investigations of the physiologic 
changes which may precede, accompany, and fol- 
low these heartening but enigmatic events. It has 
been demonstrated recently that several agents 
(1-5) are capable of inducing diureses at a pre- 
dictable time in a far higher percentage of trials 
than could be attributed to chance. Adrenocorti- 
cotrophic hormone (ACTH) is one such agent, 
and the abrupt, profuse, and sustained diureses 
which may accompany or follow its administration 
are clinically similar to the dramatic diureses which 
occur spontaneously. Clinical observations on the 
effect of ACTH ‘ on a group of children with the 
nephrotic syndrome is the subject of a separate re- 
port (6) in which the possible clinical significance 
of the results is also discussed. Serial physiologic 
measurements were made on selected patients be- 
fore, during, and after administration of ACTH. 
These observations were directed toward an in- 
creased understanding of the syndrome itself, and 
especially of the mechanism of diuresis rather than 


1 Presented in part before the Society of Pediatric Re- 
search at French Lick, Indiana, on May 9, 1950. 

2 Public Health Service Postdoctorate Fellow, 1949-51. 

3 Lewis Cass Ledyard, Jr. Fellow in Pediatrics, 1949-50. 
Present address: Children’s Hospital of Philadelphia. 

We wish to thank Dr. John R. Mote of the Armour 
Laboratories for allocating the ACTH used in these 
observations. 


toward evaluation of possible relationships be- 
tween the disease and pituitary or adrenocortical 


function. As an integral part of the approach, 
an attempt was made to disclose, if possible, 
consistent changes which might precede the 
outset of diuresis and, to this end, as many 
relevant physiologic measurements as practica- 
ble were made. These included: blood volume; 
discrete kidney functions; concentrations of elec- 
trolytes and nitrogenous constituents of serum; 
metabolic balances of electrolytes and nitrogen; 
serum lipid fractions; and urinary protein and 
sediment. 

It has not been possible from any one or com- 
bination of changes to predict when diuresis would 
occur in relation to administration of ACTH. 
The most striking changes observed after the out- 
set of diuresis were increases in plasma volume and 
unexpectedly large increases in glomerular filtra- 
tion rate (GFR). These changes together with 
observations on other discrete kidney functions 
are described in the present paper. Observations 
on other measurements will Se the subject of a 
subsequent report (7). 


SUBJECTS AND METHODS 


Observations were made on eight children with the 
nephrotic syndrome whose clinical status and course dur- 
ing ACTH administration is described in a separate re- 
port (6). Clinical data relevant to the observations 
presented here are included in Table I. 

Various combinations of the following measurements 
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furing, and after administration of 
plasma volume and hematocrit; 
(Crs) ; endogenous creatinine (Ccr) ; 
and p-aminohippurate (Cran); and 
etion of PAH (Tw,,,). In three 

. S.), 24-hour clearances of en- 
were measured. These 


for inulin, p-aminohippurate, urea (8) and 
endogenous creatinine (9), in blood and urine, and the 
catheterization a infusion technic used for short-term 
m arances have been described (8). Serum 
and urine thiosulfate concentrations were determined by 
the method of Newman, Gilman, and Phillips (10). 
Ceor-« was calculated using 24-hour creatinine excretion 
and mid-point serum values interpolated from creatinine 
determinations made one to three days apart. Plasma 
volume was measured with T-1824 using a single 10- 
minute blood sample and the acetone extraction method 
of Chinard and Eder (11) for lipemic sera. Blood volume 
was calculated from plasma volume and hematocrit (12). 


RESULTS ° 


Changes observed in discrete kidney functions 
and plasma volume in relation to hormone adminis- 
tration are given in Table I. Data from B. B. and 
I. C. are shown graphically in Figures 1 and 2. 


Glomerular filtration rate 


The most striking changes observed during or 
following diureses associated with ACTH adminis- 
tration were marked increases in Cis, Such in- 
creases were observed on eight occasions in six of 
the eight children and were greatest in patients 
with low initial values. Thus increases in Crs of 
179, 211, 190, 50, and 256% above control values 
were observed respectively in I. C., K. N., B. B., 
M. L., and S. S.° In B. B., this change in Crs 
represents an increase from 35 to 133% of normal 
(Figure 1). In the three children whose initial 
values were within the normal range, measure- 


5 The frequency with which diuresis has been observed 
with ACTH in children with the nephrotic syndrome is 


reported separately (6). In this group of eight children, 
selected because measurements had been made both be- 
fore and after ACTH, a diuresis failed to occur in only 
one of 14 courses. This failure occurred when only 50 mg. 
per day for three and one half days was given to a child 
(I. C.) who diuresed on three other occasions with 
larger dosages. 

6Only a small fraction of the observed increases in Crx 
could be related to increases in rate of urine flow during 
diuresis. 
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Fic. 1. RELATION oF CHANGES IN Bopy WEIGHT, 
PLasMA VOLUME, AND CLEARANCES OF INULIN AND 
p-AMINOHIPPURATE TO ADMINISTRATION OF ACTH IN 
A CHILD WITH THE NEPHROTIC SYNDROME 


ments of Cis showed no significant increase in two 
(J. S. and R. T.), but revealed an increase to the 
high value of 123% of normal in one (R. K.). 
Failure to observe an increase in Ci following 
diuresis (as in I. C., February 1) may possibly be 
due to failure to make the measurement at the 
proper time as discussed later. 

In an attempt to determine when changes in 
GFR occurred and to follow their course, 24-hour 
clearances of endogenous creatinine were meas- 
ured. The ratio of Cor: Cry is irregularly greater 
than one in children with kidney disease (17). 
Consequently, repeated short term measurements 
of this ratio were made to relate changes in the 24- 
hour clearance to changes in GFR. Even though 
changes in this ratio were taken into account, Cor_24 
was interpreted only as reflecting changes in rather 
than as an absolute measure of GFR. Despite these 
reservations, changes in Coroq were sufficiently 
large to demonstrate that GFR increased during 
the first 24 hours of diuresis, as shown in Figure 2. 
Additional impressions concerning changes in GFR 
during and following ACTH administration are 
gained from inspection of the data from I. C.” 


7In this patient and in others receiving cortisone in 
larger dosages no diuresis occurred and no increase in 
GFR was observed. On the contrary, a marked fall in 
GFR was observed in S. S. 15 days after he had re- 
ceived 100 mg. of cortisone in seven days. There are not 
sufficient data to indicate the significance of this observa- 
tion. 
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Fic, 2. RELATION OF CHANGES IN Bopy WEIGHT AND CLEAR- 
ANCES OF INULIN AND ENDOGENOUS CREATININE TO ADMINISTRA- 
TION OF ACTH IN a CHILD WITH THE NEPHROTIC SYNDROME 


The decrease in Cor_o4 seen during the first course 
of ACTH administration (January 4 to 16) has 
been observed in other patients and was often 
associated with a marked rise in serum urea ni- 
trogen and endogenous creatinine. These changes 
suggest a temporary fall in GFR during ACTH 
administration. The low value for Cj, measured 
on February 28, one day after a three day course 
of ACTH which did not induce diuresis, lends sup- 
port to this impression. The pattern of changes 
in Cor_,, in Figure 2 suggests that each diuresis 
was accompanied by an increase in GFR and fol- 
lowed by a decrease from the maximum value 
with subsequent stabilization at a value slightly or 
markedly above the control. It is possible that the 
fall in GFR may already have occurred when Cyy 
was measured on February 1, 1950, since re-ac- 
cumulation of edema already had begun. Re- 
peated responses t. ACTH may, however, be as- 


8 Cor, measured simultaneously with Cix, showed a com- 
parable decrease at this time. Failure of Cor-u to reflect 
this decrease may be partly explained by the inaccuracy 
of calculating clearances using mid-point values for se- 
rum creatinine concentrations interpolated from determi- 
nations made on fasting samples taken at intervals of 
several days (18). Ccr-« was consistently higher than 
Ccr which might be expected from the fact that the latter 
was always measured early in the day with the subject 
at rest and in a fasting state, whereas the former might 
be affected by such factors as eating and activity. 


sociated, as shown in Figures 1 and 2, with a pro- 
gressive increase in GFR to normal (I. C.) or 
even “supernormal” values (B. B.). 

Changes of this order of magnitude in Cy in 
children with diseased kidneys must raise the ques- 
tion of the validity of Cjy as a measure of GFR 
under these conditions. This question becomes 
especially pertinent in view of the consistent 
changes observed in three children (I. C., K. N., 
and B. B.) in the Cox: Cry ratio which decreased 
from a range of 1.5 to 1.9 before to a range of 1.0 
to 1.4 after diuresis. However, the reasonably 
good agreement between Cyy and Cryo (Crm: 
Ciy ratios ranging from 0.9 to 1.2) at both de- 
creased and increased values of Cyy provides evi- 
dence that Cry was a measure of GFR in these 
children. The changes observed in the Cor: Cin 
ratio are unexplained at present. 


Effective renal plasma flow (Cpan) 


Significant and consistent increases in Cpan 
were observed to accompany increases in Cyy dur- 
ing diureses occurring with ACTH. However, 
increases in Cpay were consistently less than those 
in Cyy so that in the six children (I. C., K. N., 
B. B., R. K., M. L., and S. S.) who showed an in- 
crease in Cyy the Cyy~: Cpag ratio increased from 
a range of 0.10 to 0.17 before to a range of 0.22 
to 0.32 after diuresis. Whether these changes 
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EFFECT OF ACTH ON CHILDREN 


in the Cyy: Cpan ratio are associated with vascular 
changes or alterations in the permeability of the 
glomerular membrane cannot be assessed at 
present. 


Maximum tubular excretion of PAH 


Increases in Tmpay accompanied increases in 
Cry in two children (M. L. and S. S.) in whom it 
was measured before and during diuresis. The 
changes in Tmpay were less than those in Cyy so 
that the Cry: Tampa ratios increased from initially 
low values before to higher values. In the remain- 
ing child in whom repeated measurements of 
Tmpan were made, no change in Cyy was observed 
and the changes in Tmpayq were irregular. 


Plasma and blood volume 


Increases in plasma volume during or after diu- 
resis were observed in four out of five children in 
whom such observations were made. The changes 
inI.C.,K. N., B. B., and J. S. were 29, 17, 26, and 
11% respectively, above the control values. Cor- 
responding increases in blood volume in I. C., 
K. N., and J. S. were observed but the changes 
were proportionately less because of decreases in 
hematocrit values. Failure to observe an increase 
in plasma volume in R. K. may possibly be ex- 
plained again by a failure to make the measure- 
ment at the proper time 


DISCUSSION 


Prompt increases above initially reduced rates 
of glomerular filtration are commonly seen during 
the early stages of acute nephritis in children. 
On the other hand, reduced clearances in children 
with the nephrotic syndrome of several months’ 
duration have been interpreted as indicating a less 


reversible process. The rapid increases in glo- 
merular filtration rate reported here in children 
who had reduced kidney function and who were 
given ACTH demonstrate, therefore, a potential- 
ity for improvement in function beyond that com- 
monly considered possible in children with the 
nephrotic syndrome. : 

There is no evidence and it is not implied that 
these results are peculiar to diureses induced by 
ACTH. Although the magnitude of the changes 
was somewhat greater than those previously re- 
ported with other agents (1, 4, 19), it is entirely 
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possible and probable that quantitatively similar 
changes may accompany spontaneous or induced 
diureses. 

The results described have no bearing on the 
question of whether pituitary or adrenal cortical 
hormones have any direct relationship to the ne- 
phrotic syndrome. They do indicate that ACTH 
administration may induce repeated diureses at 
predictable times permitting serial measurements 
of changes which may accompany and be involved 
in the mechanism of diuresis. Thus large in- 
creases in glomerular filtration rate and significant 
increases in plasma volume were observed during 
diureses in these children. These observations 
lend support to the concept (20) that increases in 
plasma volume and in glomerular filtration rate 
accompany and may be involved in the mechanism 
of diuresis in children with the nephrotic syndrome. 


SUMMARY 


Profuse, sustained diureses occurring at pre- 
dictable times in a high percentage of trials dur- 
ing or following administration of ACTH to chil- 
dren with the nephrotic syndrome permitted obser- 
vations on changes which may accompany and be 
involved in the mechanism of diuresis. Serial 
measurements of discrete kidney functions and 
plasma volume are reported before, during and 
after 13 such diureses in eight children. The re- 
sults indicate : 


1. In five children with initially reduced rates 
of glomerular filtration, increases in inulin clear- 
ances ranging from 50 to 256% above control 
values were observed during or following diureses 
on five out of six occasions. In three observations 
on three children with rates of glomerular filtra- 
tion initially within the normal range, an increase 
of 54% was observed in one. Thus in nine obser- 
vations where inulin clearances were measured 
before and after the outset of diuresis, significant 
increases were observed in six. 

2. Daily 24-hour creatinine clearances, meas- 
ured in one of the three instances in which no 
marked increase in inulin clearance was observed 
after diuresis, suggest that glomerular filtration 
rate did increase during diuresis. In addition, the 
24-hour clearances suggest that a marked increase 
in glomerular filtration rate during diuresis may 
be followed by a decrease from the maximum 
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value, but with subsequent stabilization at a value 
slightly or markedly above the control. Repeated 
responses in children with reduced function may 
then be associated with a progressive increase to 
normal or even “supernormal” values. 

3. A consistent decrease in the endogenous cre- 
atinine: inulin clearance ratio was observed as 
glomerular filtration rate increased. However, 
clearances of thiosulfate and inulin showed reason- 
ably good agreement at both high and low rates 
of glomerular filtration. 

4. Clearances and maximum tubular excretion 
of p-aminohippurate increased during diuresis 
but proportionately less than inulin clearances. 
Consequently, increases in the Cy: Cpan and the 
Cix: Tmpag fatios were observed as rates of glo- 
merular filtration increased. 

5. In four of five observations on five children, 
increases in plasma volume (T-1824) ranging 
from 11 to 29% above control values were ob- 
served during diureses. 


CONCLUSIONS 


1. Diureses occurring during or following ad- 
ministration of ACTH to children with the ne- 
phrotic syndrome are usually associated with 
marked improvement in kidney function. Re- 
peated diureses in children with initially reduced 
function may be associated with progressive in- 
creases in rates of glomerular filtration to normal 
values. These observations demonstrate a po- 
tentiality for improvement in function beyond that 
commonly considered possible in the nephrotic 
syndrome of many months’ duration. It is be- 
lieved that these changes are not peculiar to diu- 
reses associated with ACTH administration but 
may accompany spontaneous or other types of in- 
duced diureses. 

2. The changes observed in plasma volume and 
glomerular filtration rate support the concent that 
increases in plasma volume and glomerular filtra- 
tion rate are associated with the mechanism of 
diuresis in children with the nephrotic syndrome. 
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